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An Easy-to-Build 


SIDEBAND ADAPTOR 


"hy ‘for your CB receiver 


SERS ORNS NRE I IS 


By Herb Friedman, 2W6045 


ve Up uiaiarecerrieaes operation, a technique that multiplies effec- 
tive transmitter power, is now a reality on the Citizens Band. But 
try to tune an SSB signal on your transceiver and all you'll get is a. 
slightly seasick Donald Duck. Though sideband has much to offer 
CBers, it is not compatible with normal AM signals or equipment. It 
needs additional processing to convert a carrier-less signal to some- 
thing which can be detected by any CB receiver. EI’s SSB adaptor 
does this processing. 

Without modifying your rig, you can add our adaptor and be able 
to monitor any SSB signal that comes your way. The adaptor actually 
is a crystal-controlled oscillator that generates the carrier missing 
from an incoming SSB signal. Both signals mix in the receiver and. 
sideband modulation is made intelligible. The adaptor may be used 
with any type receiver, tunable or crystal controlled. Oscillator drift 
in the receiver, a problem in receiving SSB, is not a factor in this 
system. Since the carrier is generated outside the receiver, a tuning 
control on the adaptor permits fine frequency adjustment of the in- 
jected carrier. The unit is easy to build and the parts cost only about 
six dollars. 

Construction. The adaptor is built on the U section of a small Mini- 
box. Lead dress is somewhat critical so follow the pictorial as closely 
as possible. J1 and J2 are coaxial jacks which must match your existing 
connectors. Battery Bl can be any miniature 9-volt transistor type, 
ney to the Minibox by a length of wire passed through two solder 
ugs. 

L1 must be wound carefully on the coil form. Scrape the insulation 
off one end of a length of +422 enameled wire and attach it to the coil 
terminal adjacent to the mounting nut. Tightly wind six close-wound 
turns and bring the wire away from the form about 3 inches. Loop 
the free end back to the form and continue to wind five more close- 
wound turns in the same direction as the original six. Scrape off the 
insulation and fasten the free end to the other coil terminal: Scrape 
all the insulation off the middle loop, twist it and tin with solder. This 


will form the centertap’ connection. 

When soldering the transistor leads, 
avoid damage by using a heat sink, such 
as an alligator clip, on each lead. 

After the circuit is wired, install the 
shield. Cut it from scrap aluminum or 
tin to fit snugly around all components, 
as shown. The shield extends the full 
height of the U section and to the right 
end. Using a ;3; bit, drill two holes in 
the shield for Bl’s negative and C2’s 


leads. The negative battery lead passes 


through the hole at the bottom of the 
shield. The insulated lead from C2 


passes through the hole approximately 
one third down from the top. Make cer- 
tain C2 is mounted inside the shield. 
The output lead from injection con- 
trol R3 is pulled taut and wrapped two 
or three times around the J1-J2 jumper. 
Do not remove the insulation from this 
lead; no solder connection is required at 
the wrap-around point. | 
Calibration and Use. An overtone 
transmit crystal -is plugged into the 
crystal socket on the adaptor. There are 
two possibilities. If your crystals are of 
the series type, they will bring in the 


Circuit is a crystal-controlled transistor oscillator. Coil L) per- 


mits fine frequency adjustments, needed for SSB reception. 
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L-shape shield, seen in the photo above, keeps 
the oscillator coil from radiating excessively 
strong RF carrier signal to the CB receiver. 


PARTS LIST 


Resistors: '/2-watt, 10% unless otherwise indicated 

R!—33,000 ohms R2—270,000 ohms 

R3—5,000-ohm potentiometer with SPST switch (SI) 

Capacitors: 

Ci—24 mmf molded mica 

C2—5 mmf molded mica 

C3,C4—.0!1 mf, 75-V ceramic disc 

Q|—2N274 transistor 

LI—Coil form, slug tuned, Cambridge Thermionic, 
- CTC—PLS5-2C4L/B. (Allied Radio 61G034) 

Ji,J2—Coaxial connectors (see text) 

BI—9-V transistor type battery 

Misc.—Crystal and socket; 4-lug terminal strip; alumi- 
num case, 5!'/4"x2'/4"x3”" 


At lower left of wiring guide, notice how 
insulated wire is wound around J1-J2 jumper. 


a 


SSB signal on the same channel marked 
on the crystal. Many rigs; however, use 
parallel crystals and require different 
treatment. (You can identify crystal 
type. by examining the schematic of 
your CB transmitter: if the crystal goes 
from the grid of the oscillator tube to 


ground, it’s a parallel type.) When 
parallel crystals are used, they must be 
-one channel higher than the one you 
wish to receive. Thus; an SSB signal on 
channel 6 requires a channel 7 crystal of 
the parallel type. 

Now connect a 0-10 milliammeter in 
series with the negative lead of the bat- 
tery and start rotating L1’s slug from its 
full-in position. Turn counterclockwise 
until the meter shows a noticeable in- 
crease in current. This indicates the 
crystal is oscillating properly. 

The adaptor next is hooked to your 
receiver. Connect Jl to the antenna 
input on the CB rig and J2 to the an- 
tenna. Tune the receiver to a normal 
CB signal on the desired channel and 
turn on the adaptor’s power switch. If 
everything is operating correctly, you 
should hear a heterodyne (or whistling 
sound) along with the modulation. 
When the slug of Ll is rotated slowly 
the pitch of the heterodyne changes 
from high to low—then back to high. 
The precise point to find is the zero beat. 
It occurs between the two high-pitch 
points. In this tuning position the 
heterodyne should disappear. 

After you get an. SSB signal, make 
a fine adjustment on the adaptor. 
Begin by tuning the signal for maxi- 
mum audio. You won’t be able to make 
out words, but it’s not difficult to judge 
strongest sound. With the adaptor 
power on, adjust both R3 and the coil 
slug until the speech becomes intelligi- 
ble. It’s a little tricky at first, but the 
technique is soon learned. Just be sure 
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Transmitting crystal plugs into socket at 
the right. Both the injection and tuning 
knobs are carefully adjusted. for the clear- 
est audio signal from an SSB transmission. 


that the coil slug is never rotated too far 
from the zero-beat setting found earlier 
on a normal station. (The heterodyne is 
not present on an SSB station, regard- 
less of coil setting.) 

Until you get the hang of tuning an 
SSB signal, we suggest you practice this 
way: Tune in an SSB signal of mod- 
erate strength—not too strong and not 
too weak. Set R3 to approximately mid- 
position. Slowly adjust L1’s slug until 
the high-pitched chatter becomes recog- 
nizable speech. Then adjust R3 for op- 
timum signal. 

‘On weak SSB signals, it’s possible for 
the adaptor to inject excessively strong 
signals into your receiver. The remedy 
is to reduce R3 (full counterclockwise). 
If this doesn’t help, remove the adaptor 
from the transceiver and antenna leads. 
The antenna is plugged back into the 
transceiver in normal fashion. Add a 
short length of wire to J1 or J2 and 
move the adaptor away from the re- 
ceiver until signal injection is reduced 


to lower levels. -~§ 


RADIO COMMUNICATION EQUIPMENT 


In Australia the establishment, erection or 
maintenance of any type of radiocommuni- 
cation equipment capable of either trans- 
mitting or receiving a signal is governed by 
the Wireless Telegraphy Act 1905-1970. The 
Act provides for penalties of $1,000 or 5 

years’ imprisonment with or without hard 
labour. 


Equipment and/or accessories featured in 
certain articles in this publication, while 


complying with conditions acceptable in the 
country of origin, may not necessarily meet 
the Australian requirements. 

Information concerning provisions of the 
‘Australian Wireless Telegraphy Regulations, 
as applied to any specific equipment or. 
operating conditions mentioned in this pub- 
lication, may be obtained from the State 
Superintendent or District Radio Inspector, 
Radio Branch, Postmaster-General’s Depart- 
ment. 


R transmitter tests and repairs, 
some means of measuring power into 
a dummy load is required. The EI CB 
power Output Meter will enable you to 
check output dt a cost—about $6—well 
below that of commercial power meters. 
To avoid a separate calibration chart, 
a paste-on meter scale is provided. Note 
that it is accurate only when the instru- 
ment is built with the specified compo- 
nents. All leads should be short, with 
resistors Rl through R4 mounted as 
close as possible to J1. Use.a heat sink, 
-such as an alligator clip, on D1’s leads 
when soldering. 
When the unit is completed with M1 


J1 


Resistors R1-R6 comprise a 50- 
ohm dummy load for rig in test. 


Meter face below should be cut 
out and cemented directly over 
the original S-meter dial face. 


DIREGT- READING 
POWER OUTPUT 
METER for GB 


mounted, remove M1’s cover by insert- 


-ing a thin screwdriver blade under the 


top edge and prying upward. The plas- 
tic cover will snap off. Remove the two 
screws that hold the meter face in place 
and carefully slide the meter face up- 
ward to avoid bending the needle. 

Cut out the new meter face and 
glue it over the old face with a thin 
coating of slow-drying cement (such as 
Elmer’s). Adjust the new meter scale 
to exact registration, install the meter 
face and cover. Assemble a short length 


- of coax cable with plugs to connect the 


CB antenna jack to J1, and the power 
meter is all set—Herb Cenan-§}- 


PARTS LIST 
Ri, R3, R4—150 ohms, I-watt, 5% 
RS, Re 30 ohms, {-watt, 5% 
R7—4,800 ohms, Vo-watt, 5% 
Ci—250mmf, 500 voc (or higher) ceramic disc 
capacitor 


DI—IN34A crystal diode 

MI—O-i ma S-Meter (Lafayette Radio TM-!1) 
Ji—Coaxial jack - 

Mise eet (5°x3"x2” approx.), terminal strips, 


em ei4, 


Internal wiring of Power Meter 
shows simplicity of wiring. 
Note location of ground post. 
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For the first time anywhere! An oscilloscope designed 
specifically for displaying Citizens Band modulation. 


Herb Friedman, 2W6045 


eee modulation quality is one of the big factors in the get-out ability of a . 
7 CB transceiver, many CB’ers have rigged up some means of metering the 
percent modulation of their transmitters. While such metering circuits are use- 
ful, they respond to average rather than peak modulation. When an average 
reading meter indicates 100% modulation, the actual percent modulation may be 
substantially lower—or higher. 
For optimum modulation adjustment, a peak indicating device is necessary. 
This is particularly true when speech 
clippers or compressors are employed 
since their maximum effectiveness is 
realized when adjusted for 100% modu- 
lation with a peak reading indicator. 
EI’s CitizenScope is a peak indicating 
unit tailor-made for the CB’er. It dis- 
plays either a trapezoid (TRAP) or 
modulation waveform (MW) pattern, 
can be permanently connected into 
the transmission line, for monitoring 
(peak) percent modulation. Properly 
used, the CitizenScope can give you a 
transmission effectiveness hitherto un- 
obtainable. EI’s CitizenScope is modest 
in cost—about $35. The layout is spe- 
cifically designed to be easy-to-build— 
even for the novice. Standard compo- 
nents are ‘used, and except for the 
ges ray tube, all are readily avail- 
able. 
Construction. The CitizenScope is 
built in the main section of a 12x7x4- 
inch Minibox. The first step is to mark 
poet | eer all the necessary holes. When drilling 
FOCUS — VERTICAL TRAP MY the front panel follow the template and 
: ao ~ allow sufficient clearance around the 
ae oo ee controls for the cover to be slipped into 
“INTENSITY HORIZONTAL H. GA! place. To prevent T1’s field from de- 
a aCe eee ee forming the CRT trace locate Tl, as 
shown, as far as possible from the CRT. 
RF input components, J1, J2, L1 and 
S2, should be mounted close to each 
other toward the cabinet’s rear in the 


arrangement shown. Bus bar or doubled 
wire is used between J1 and J2. 

The CRT bezel, which serves as V1’s 
front support is centered on the front 
panel as shown. V1’s base is supported 
by two 2-inch standoffs, metal or insu- 
lated. You can improvise them from 
metal tubing or use standard standoffs. 
The standoffs are mounted 6% inches 
back from the inside of the front panel. 

‘Wrap. six turns of plastic electrical 
tape around V1’s Bakelite base. Using 
thin scrap metal (as from a tin can) 
fashion two straps. Bend the straps 
around the taped CRT base to give a 
snug (but not tight) fit when assembled. 

The green filter in the Millen kit is 
supplied without a grid. However, grids 
are included in the Techni-Cal Oscillo- 
scope Decal kit (which also includes 
the other control labels). It is impor- 
tant that V1’s socket be in place before 
V1 is mounted. For correct trace posi- 
tion, install V1 with pin 1 toward the 


bottom of the cabinet. Terminal strip 
TS4 mounts on one standoff with a sol- 
der lug for grounding. 

Coil L1 uses a Cambridge Thermionic 


Jt and Ct must be added to transmitter output. 


RF FINAL 


B+ 


Co. coil form, with a secondary of eight S3 TRAP-MW 


turns of No. 24 enameled wire close- 
wound and centered on the form. A two- 
turn primary winding of No. 22 solid 
plastic insulated hookup wire is tightly 
wound over the bottom end of the first 
winding. Make certain both windings 
are as tight as possible on the form and 
cemented in place with coil dope. 

Since there’s about 800 VDC in the 
CitizenScope, use No. 22 solid thermo- 
plastic insulated wire throughout to 
prevent arc-over and breakdown. 

Scope Checkout. Set the horizontal 
and vertical positioning controls R8 and 
R9 to midpoint and set S3 to TRAP. 


- “2 VI-IO WI-4 
Turn on the CitizenScope with intensity Torres Ye NY 


control R7/ Sl. After about thirty Sec- Wiring of front panel controls is shown aieval 
onds adjust R7 and focus control R5 power supply components below. Transformer 
until a focused spot appears on the CRT. Tl should be mounted toward rear of chassis 


- Move the spot horizontally and verti- (see photo) to avoid hum pickup by CRT V1. 


cally with R8 and R9. Set S3 to MW and 

adjust horizontal gain control (R12) $3-Z RB-X VI-6.  —-RO-Z 

until the spot expands into a horizontal | es || 

line. If you cannot obtain the horizontal a 
TS3 


na || 


line check S3’s wiring. Full clockwise 
rotation of R12 should expand the line 
past the edges of the CRT. 

Connect the transmitter to J1 and 
switch S2 on—this connects ‘in the 
dummy load. Adjust R12 so the line just 
reaches the edges of the CRT and turn 
on the transmitter. No modulation is 
required in this step. Adjust L1’s slug 
for maximum height (about 1 inch of 
the observed RF pattern). For trans- 
mitters with outputs from .5 to 1.5 watts, 
C10 is 33 mmf; for 1.5 to 2.5 watts use 
15 mmf. The pattern can be adjusted to 
any height by juggling the value of C10 
—the lower the value the smaller the 
_pattern. Don’t attempt to increase the 
unmodulated height beyond one inch or 
the pattern will go off-screen at 100% 
modulation. , 

The Trapezoidal Pattern. To obtain 
a trapezoid pattern, a sample of the. 
transmitter’s modulator output must be 
fed to the CitizenScope via J3. Mount 
a phono jack (Jt) on the rear, apron of 
the transceiver and connect a .05 mf, 600 
. VDC capacitor (Ct) between Jt and the 
point ‘“X’ where the modulated B+ 
- feeds the plate and screen of the final 
RF amplifier. | 

Using shielded wire, connect Jt to J3. 
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es: 
3: WIRING 
BETA. 


Set S3 to TRAP, turn on the transmitter 
and speak into the microphone. Adjust 
R12 until a trapezoid pattern appears. 
Its shape will vary as you speak. At 
100% modulation the trapezoid height 


(at the right of the CRT) will exactly 


double. On the left the trapezoid will 


come to a point at the baseline. (This is 
the reverse of the trapezoids shown in 
the illustration.) If you overmodulate 


Completed CitizenScope with cover removed. Open, logical layout makes wiring this one a cinch. 


NU 


NO CARRIER 


cle 


CARRIER ONLY 


UNDER 100% MODULATION 


> 


100% MODULATION 


() 


OVER MODULATION 


on positive peaks the trapezoid height 
will be more than double, but this is not 
important since it is the negative modu- 
lation which requires attention. The 
bright tail line indicates negative over- 
modulation—the longer the tail, the 
greater the overmodulation. 

Optimum modulation occurs when 
the modulation peaks just reach 100%. 
A trapezoid which fails to double its 
size and doesn’t come to a point on the 
baseline indicates less than 100% modu- 
lation. Actually, many CB rigs are 
designed for 85-100% modulation and 
this will be indicated on the trapezoid 
as: just missing 100%. We suggest that 


you don’t attempt to improve it. 


By setting S3 to MW a modulation 
waveform will be displayed. Actually, 
the MW is not as effective as the trape- 
zoid for determining modulation per- 
centage because the MW is a constantly 
changing jumble of frequencies. (The 
MW has value for tone tests.) However, 
a doubling of the carrier height again 
indicates 100% modulation as does a 
collapse to the baseline. At 100% nega- 
tive modulation tiny bright spots appear 
on'the baseline (with the scope on maxi- 
mum horizontal gain). If short bright 
lines instead of spots appear on the base- 
line you are exceeding 100% negative 
modulation. The lines are equivalent to 
the trapezoid’s tail. The major advan- 
tage of the MW function is that it dis- 
plays noise which may be present. Un- 
modulated RF appears as a wide pattern 
with clean edges. Noise, such as caused 
by a defective mike pre-amp plate re- 


sistor, will appear as random spikes on 


the edges of the pattern. Hum will ap- 
pear as ripples on the edges, etc. 

While the CitizenScope helps you ob- 
tain maximum effectiveness in terms of 
per cent modulation, it also helps tell 
you what the modulation quality is. 
Other types of modulation indicators 
cannot do this. | 

You'll notice that at 100%. modula- 
tion the sides of the trapezoid are 
straight and that the positive peak is ex- 
actly double the unmodulated carrier 
height. This condition indicates a dis- 
tortion-free modulating signal which 


has adequate power for 100%. modula- 


tion. 


7" 


If the negative modulation drives the 
pattern to 100% but the positive modu- 
lation flattens out and then slants down- 
ward before the carrier height doubles, 
the modulator is under-powered. Not 
only will your output signal then be 
under-modulated, but the modulating 
waveform will be distorted. Even 
though the speech amplifier and modu- 


lator may have checked out as distor- 


tion-free, the signal is being distorted 
through the process of modulation. 
Without a scope you might never de- 
tect this condition. 

Insufficient RF drive to the final is 
another cause of distorted modulation. 
This type of distortion looks similar to 
the pattern caused by insufficient modu- 
lation power. However, instead of flat- 
tenihg out and then slanting down, the 
trapezoid pattern caused by insufficient 
RF drive only flattens out. Again you 
have a picture of distortion which is 
being added to the signal by the modu- 
lation process. 

.Parasitics, which are spurious signals 


produced by the transmitter, can also 


Layout 


of CitizenScope’s front panel controls. 


Side panel rear showing jacks Jl, J2. load switch 
S2 and input coil LI’s slug tuning adjustment. 


be indicated by the ‘ivaperdid. UHF 


parasitics which can produce TV inter- 


ference may be indicated by a fuzzing 
of the trapezoid. This appears as a halo 
or fringing of the pattern. Parasitics, 
at or near the fundamental 27-mc fre- 


“quency may appear as spikes. 


While you might assume that para- 
sitics being spurious frequencies have 
no effect on modulation, they are part. 
of the trapezoid and that means that at 
the receiving end your modulation is 
distorted. 

As you can see the modulation 
process is complex. One cannot connect 
a low-distortion modulator and then au- 
tomatically assume there’s good audio 
quality—lots of things can go wrong 
between the modulator and the final sig- 
nal. Only a scope can give a visual pic- 
ture of the complete signal. 

Space prohibits detailing all the in- 
formation which can be obtained from 
the patterns. A thorough discussion of 
trapezoid and modulated wave modula- 
‘ion patterns may be found in the Radio 
Amateurs Handbook. 

.The CitizenScope may be left perma- 
nently connected in the transmission 


line, permitting continuous monitoring. 


Connect the transmitter to J1 and the 
antenna to J2. Set S2 so the dummy load 
is out of the circuit. Adjust L1 for mini- 
mum SWR (standing wave ratio) or 
maximum field strength reading from 
the antenna. When L1 is properly ad- 
justed the CitizenScope will have no ad- 


verse effect on SWR. -§- 


TRANSMISSION LINE 


_TUNE-UP_ METER 


By Al Toler 


F ALL the methods used for tuning 
a CB transmitter only the SWR 
meter (which measures relative power 
into the transmission line) and the field 
strength meter (which indicates rela- 
tive power out of the antenna) are ac- 
curate indicators. Light bulbs, termi- 
nated power meters and plate input 
meters just can’t do an accurate job. 

Unfortunately, it’s difficult to tune 
your transmitter while up on the roof 
with your field strength meter; and, the 
cost of an SWR meter somewhat limits 
its availability for CB. But now, EI’s $5 
Inline CB Tune-Up Meter brings an 
accurate tuning indicator within the 
reach of all CBers. 

The Tune-Up Meter samples the 
power fed ‘into the transmission line. 
Since maximum power indicates maxi- 
mum tuning, meter M1 will give the 
highest reading when the transmitter 
is tuned on-the-button. The Tune-Up 
Meter can be left permanently con- 
nected in the transmission line. 

The Meter is built in the main section 
of a 5%x3x2%-inch Minibox. Coaxial 
jacks J1 and J2 are mounted on the side 
panels as close as possible to the lower 
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rear corner. A piece of #16 bus bar 
(or a section of a coat hanger) connects 
J1 to J2. Connect it as direct as possible 
and don’t use thin wire. 

Connect R1 to sensitivity control R2 
in such a manner that the top of Rl is 
3g-inch from the bus bar. Insulate R1l’s 
free lead with spaghetti and wrap it 
three times around the bus bar. Make 
certain the tip of R1’s lead does not ex- 
tend past the insulation. 

Checkout and Use. Connect the trans- 
ceiver antenna jack via a length of coax 
cable to either J1 or J2. The transmis- 
sion line connects to the remaining 
jack. Energize the transmitter and ad- 
just R2 for a convenient M1 reading. 
Then, adjust the transmitter tuning for 
the highest M1 reading. At peak reading 
the transmitter is tuned for maximum 
power output. 

Note: M1’s reading depends on both 
the power output and the transmission 
line’s SWR. Its exact reading is unim- 
portant since low power output and a 
high SWR can result in a high reading. 
Similarly, high power output and high. 
SWR can read low. Only the fact that 
M1 peaks is important. § 


Almost empty Minibox is seen 
with cover off. Extra terminals 
on meter connect to its internal 
lamps which are not used in 
this application. Any type and 
size of l-ma meter will serve. 


Jf SEE TEXT — J2 


PARTS LIST 


Ri ,R3I—1000 ohms, |/2: watt 
R2—{0,000 ohm potentiometer 
Ci—.005 mf, 500 VDC ceramic 


dise capacitor 
Mi—i ma DC meter movement, 
- any type or size 
-' DI—IN34A crystal diode 


Spaghetti on lead of resistor R1 insulates it 
from the bus bar connecting jacks Jl and J2. 


9. 28E” 


1p° OTHER operators on the Citizens 
Band bug you about overmodula- 
tion, undermodulation or distorted 
modulation? You can squelch them once 
and for all with EI’s low-cost modula- 
tion meter. 

In addition to standard monitoring 
applications, a modulation meter is al- 
most a necessity for adjusting speech 
clippers and compressors. Unless moni- 
tored, clipper/compressors frequently 
cause overmodulation because of their 
built-in microphone preamplification. 
While a meter is not as accurate as a 
peak-voltage indicating device (such as 
an oscilloscope), its rock-bottom cost 
($5 to $6) and simple construction make 
it attractive for general CB use. 

Construction. The modulation meter 
is built on the main section of a 
244x3x2Y¥g-inch Minibox. Meter move- 
ment M1 is centered on the front panel 
in a hole cut with a 1%-inch chassis 
punch. Wiring is not critical but be sure 
that Sl is hooked up correctly or M1 
will blow when the unit is turned on: 

The modulation meter is connected to 
the transceiver’s chassis ground and 
through capacitor Cl to point X, where 
the modulated B+ feeds the plate and 
screen of the final RF amplifier (see 
schematic). Mount a phono jack (J1) 
on the rear of your transceiver and ca- 
pacitor Cl between the jack and point 
X as shown. 


16 


MICROPHONE 


MODULATION 


—g METER 


a J By Herb Cenan 


Operation. Plug the modulation 
meter into J1 on the transceiver and set 
S1 to calibrate, which connects M1 
across R3. With the transmitter on, use 
a VOM or VTVM to measure the DC 
voltage between point X and ground. 
Next, set the voltmeter to the AC range 
leaving it connected to point X. If 
you're employing a VOM it will be nec- 
essary either to use the output jack of 
the instrument or to connect a .05 mf, 
600 V capacitor between the positive 
test lead and point X. 

Now, feed a 400 or 1,000 cycle tone 
into the microphone jack. (The tone 
can be obtained from an audio generator 
or the AF output of an RF signal gen- 
erator.) Adjust the tone level so the 
AC voltage at point X is .707 of the DC 
voltage. For example, if the B+ voltage 
is 200 volts, adjust the tone level for an 
AC voltage of 141 volts (.707x200— 
141). Next, adjust R4 so M1 reads 100% 
(same point as 0db on the meter face). 
The modulation meter is now calibrated. 

Set Sl to modulation (M1 connected 
across R2 and R3) and the meter will 
read voice modulation percentage di- 
rectly. | 

Calibration control R4 can adjust for 
transceivers with B+ voltages between 
175 and 250. If your rig uses a B+ lower 
than 175 volts, drop R1 to about 75,000 
ohms. If the B+ is above 250 volts, raise 
R1 to 125,000 ohms.- §- 
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PARTS LIST 


Ri—100,000 ohm resistor (see text) 
R2,R3—!,000 ohm resistor, 1/2 watt, 5% 
R4—5,000 ohm pot 
‘Ci—.05 mf, 600 VDC capacitor (installed in 
transceiver, see text) 
MiI~VU meter, Lafayette Radio TM-10 (Calibration 
may not be accurate for any other meter) 
_ JI—Phono jack installed on transceiver (RCA type) 
PLI—Plug to match JI 
Misc.—Minibox, terminal strips, etc. 


RF FINAL TO 
on a 500 Tan. 


MODULATOR 


_Tap-off point for transceiver’s mod- 
ulation voltage is shown at left: 
no. other connection is required. 
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CB SIGNAL BOOSTER 


Transistorized unit achieves up to 24 db boost in reception. 


By Kevin Redmond, K2ZHTZ (Head, Semiconductor Applications Laboratory, Amperex Electronics) 


yo can add greater sensitivity, lower cross-modulation, and 
quieter operation to your rig with the twenty-four db of gain 
provided by this versatile CB Signal Booster. Low sensitivity 
receivers use its high gain to improve sensitivity while high sensi- 
tivity receivers can use the gain to permit higher squelch settings 
and therefore quieter reception. Output impedance taps on the 
booster allow matching to a variety of antennas and receiver 
input stages. Satisfactory performance is delivered with a DC 
supply range of six to twelve volts assuring adaptability to vari- 
ous supply systems. 

Construction has been simplified by mounting all parts on a 
perforated board. When -completed, the board can be used as a 
subchassis mounted inside a CB rig or in a Minibox using stand- 
offs as mounting supports. The three coils are closewound on 
paper coil forms with the taps at the end of the coil nearest the 
mounting. Be careful not to bend the lugs too much when mount- 
ing the coil as the form may separate from its mounting base. 
The layout shown in the pictorial should be followed closely, ex- 
cept that the socket of transistor Q1 should actually be installed 
between L1 and L2 for the shortest possible leads. It’s important 
that the “ground side” of trimmer capacitors C1, C2 and C3 be 
connected to the bottom end (D) of coils L1, L2 and L3. See 
photo. If this is not done hand capacitance effects will make 
tuning difficult. 

Coupling capacitors C4 and C5 carry RF and must be icant 
away from ground leads and RF circuitry or coupling from the 
capacitor body will reduce gain or cause oscillation. 

DC Check. Once the unit has been completed, check the DC 
operating point first. This can be done by measuring the DC 


Photo of author’s prototype of Booster differs slightly from pictorial below. Most wires 
are run on reverse side of perforated board and transistor Q1 is located between L1 and 12. 
The photo should be followed. particularly in the placement of trimmers Cl, C2 and C3. 


In the pictorial below, for the sake of clarity the component and other interconnecting leads 
are shown longer than required. In this unit. as in all RF devices, leads should be short 
and run direct as possible. The taps on the coils should be connected to the lettered lugs. 
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bs a 
6~12V OC 
R1,R4—10,000 ohms resistor, '/2 watt, PARTS LIST tapped at | .and § turns 
10% | | O1,92—2N2089 transistor (Amperex) TSi—3-screw terminal strip 
R2,R5—2,200 ohms resistor, '/2 watt, | Li—.265” dia. Cambion coll form, 1S2—2-screw terminal strip 


sc. — Perforated board (approx. 


R3,R6—1 000 ohms resistor, '/2 watt, 10 SPC-2J4L, slug removed; 26 turns Mi Sey 

Ct ,C2,C3—2-30 mmf trimmer capacitor closewound #26 enam. wire tapped 8'/2"x2'/2"); flea clips; plastic cabinet 

C4 to C12—.005 mf low-voltage ceramic at ! and 6 turns : two 4-lead transistor sockets, hard- 
discs or .0047 mf tubular types L2,13—Same form as Li; 26 turns ware, etc, 


A kit of the above parts (except bat- 
tery, switch and cabinet) Is available 
from PR Laboratories, South Hillside 
Ave., Nesconset, N. Y. $9 postpaid. 
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voltage across R3 and R6. At a sup- 
ply voltage of 6 volts, the voltage across 
each of these resistors should be ap- 


proximately 1 volt. Or, with a sup- 
ply voltage of 12 volts, the reading will 
be about 2 volts. The voltages across R2 
and R5 should be .25 volts higher than 
those across R3 and R6. 

Tuning the Booster. To adjust the 
tuning capacitors (C1, C2, C3) connect 
the Booster’s 6K output and Gnd termi- 
nals to a short length of coax cable fitted 
with a plug to match the antenna input 
jack of the CB receiver. The receiver 
should be tuned to a center band chan- 
nel. A transmitter on the same channel 
can be used, as the signal source if it is 
kept at: least.10 feet away from the 
Booster. No antenna should be used for 
the booster at this step. Capacitors Cl, 
C2 and C3 should be now adjusted for 
maximum signal as determined audibly 
or read by the receiver’s S-meter. 

_ If a signal generator is used as the sig- 
nal source, an 18,000 ohm resistor 
should be used between the generator’s 
hot lead and antenna terminal of the 


Booster. In addition, a 12 mmf capacitor 


should be installed across the antenna 
and ground terminal of TS2. 

Using the Booster. With transceivers, 
special precautions must be taken not 
to damage the booster’s transistors 
when transmitting. The simplest solu- 
tion is to connect a DPDT switch as 
shown in the diagram. This switching 
arrangement will work with practically 
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all receiving systems. The booster input 
is shorted during transmission when the . 
DPDT switch is thrown to the xmit po- 
sition. Use a DPDT slide switch or other 
low capacitance type as both the RF 
input and output of the booster go 
through it. Sl is shown set for receive. 

Standard antennas, including whips, 
are connected to TS2. An antenna with 
a loading coil or one which reflects a 
low impedance because of mismatch or © 
overlong transmission line is connected 
directly to tap C on LI. Either connec- 
tion is made via the slide switch men- 
tioned above. 

If your rig is transistorized, the 200- 
ohm output terminal on the Booster can 
connect directly to the base of the RF 
input transistor. As an alternative on a 
handi-talkie type rig, the 6K output of 
the Booster can be connected directly to 
the whip antenna. Gnd on the Booster 
connects to the ground of the CB unit. 
Super-regen receivers will probably 
only be able to operate with the direct 
antenna connection. | 

There are several inexpensive handi- 
talkies which use the super-regen re- 
ceiver stage as their transmitter. Don’t 
expect the Booster to be of much help. 

When receiving strong stations, the 
Booster may provide excessive amplifi- 
cation and cause blocking in the CB 
rig’s input stage. This problem is easily 
solved by reducing antenna length or 
by dropping the voltage “ove the 


Booster. -$ 
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Careful inspection and repair can give you like-new performance. 
By Bert Mann 


lisse a high-quality Citizens Band 
transceiver, install it in a car or 
truck, use it continuously and subject it 
to vibration and bumps—and what hap- 
pens? After six months you can’t even 
remember its like-new operation. 

To get some of the old zip back you 
need a perk-up job. A CB rig is just like 
a car in that respect. For maximum per- 


formance a _ twice-yearly tune-up is 


called for: | 

A mobile revamp is considerably dif- 
ferent from that given a base station. 
Dusting, tube-checking and so on may 
be enough for a home rig but thorough 
cleaning is required for mobiles. 

Start with the tip of your whip and go 
all the way through your system. That 
little ball on top. of the antenna is more 
than a decoration. It discharges static 
electricity built up by air friction, dis- 


tributing it over a large area. Without it, | 


the discharge is from a sharp point and 
causes high-intensity noise shots. If the 
ball is gone get a steel marble, such as 
‘those used in toys, and drill a snug-fit 
hole in it. Then force-fit it on the an- 
tenna. A plastic ball also can be used. 
Continuously loaded whips usually 


have a plastic sheath over their coils. If 
the sheath cracks the coils can be ex- 
posed to damage. If there are breaks or 
cracks in your sheath wrap it with a 
single layer of plastic tape and saturate 
it with poly or coil dope for waterproof- 


ing. If insulation is chipped off the coil 


itself saturate it with Glyptal. When 
that dries, wrap the exposed coil with 
tape and then waterproof the job. 

The spring at the base has an inter- 
nal braid running from one end to the 
other, which prevents the spring from 


acting as a loading coil (the braid shorts 


out the would-be coil). To check, bend 


~ the coil and look inside to make sure the 


braid is connected to both ends. If the 
braid appears corroded jam a pencil or 
screwdriver into it. Replacement of the 
spring was past due if the braid breaks. 

In bumper mounts, check the coax at 
the base (our lead photo shows a cable 
damaged by bumper vibration). Look 
carefully for corrosion on the braid (the 


‘ground connection). When you find cor- 


rosion remove it with a wire brush, trim 
the end of the coax and form a new 
ground with the braid. If the coax must 
run in a tight bend around the bumper, 
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cement some rubber grommets to the 
cable to prevent direct contact. 

Body mounts require especially close 
checking. It is not unusual for the hard 
Bakelite insulators used on low-cost 
mounts to develop fine cracks between 
the ball (the RF hot lead) and the 
grounded mounting screws. Dirt and 
grime, accumulated in the cracks, tend 
to bleed off some of the RF energy. Asa 
temporary measure you can clean the 


A defective or corroded shorting braid in the 
whip’s spring will break when jabbed with tool. 


If a loaded mobile whip’s 
plastic sheath cracks, it 
can result in damage to 
the loading coil, as in the 
picture at far left. To re- 
pair, restore coil and wrap 
exposed section tightly 
with plastic tape (see 
photo right, after repair). 


cracks with carbon tet and cover them 
with plastic tape. But the only final so- 
lution is replacement. 

The last check on the antenna is the 
cable. If it runs under the car, look for 
rock damage; if under the back seat or 
floor mats, be on the lookout for a 
squashed spot. Cable is cheap. Spend a 
dollar for a new one if you need it. 

On front cowl mounts, the mounting 
nut should be tightened because the 


Body mounts should be checked for cracks around 
mounting screws; grime in cracks shorts out RF. 


Thorough vacuum-cleaning removes dust and dirt 
from mobile transceiver. Cleaning can prevent 
intermittent operation. Do not blow out dust. 


coax ground connection is determined 
by the tension of the nut. 

Turning to the transceiver, take off 
the cabinet and vacuum the inside 
thoroughly. If you find dust in the tun- 
‘ing capacitor, dip a piece. of washed 
linen in solvent and pass it through the 
plates. Rotary switch contacts are 
cleaned with contact cleaner, while 
relay contacts can be put in shape with 
a business card saturated in the same 


Transmit and receive switches require periodic 
cleaning for trouble-free operation. A liquid 
cleaner is being used here: never file contacts. 


cleaner (put the card between the con- 
tacts and pull it through). 

Naturally, you will want to replace 
any defective tubes. Then check the 
rig’s performance against your base sta- 
tion transceiver. If the set has really had 
it rough you may have to realign the 
receiver with a signal generator. After 
putting the transceiver back in the ve- 
hicle, use a standing wave ratio meter 
to peak the transmitter. So 


While usually not required, realignment of a CB rig’s receiver may sometimes be necessary after a 
long period of sustained operation. An RF signal generator is being used below to realign a set. 
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By Herb Friedman 
2W6045 


When the lamp flickers, modulated RF is in the 
transmission line and you're getting out. 


OW often have you called another Citizens Band station or 
your own mobile unit, received no response and wondered 
whether you really were transmitting? Many rigs have an on-the- 
air light but most indicate merely that the B+ is on. They don’t 
tell you whether RF is going to your antenna. But EI’s CB Sure- 
Light lets you know for certain whether your modulated signal 
is getting out. 

The Sure-Light samples the RF in the transmission line. If 
there is RF, the lamp lights. When the RF is modulated, the 
lighted lamp flickers. No flicker—no modulation. No light—no 
RF. It’s as simple as that. 

The Sure-Light, which is self-powered, is connected in series 
with your transmission line through J1 and J2 and doesn’t re- 
quire modification of the transceiver. 

Construction. The Sure-Light is built in the U-seetion of a 
9x3x2-inch Minibox. While the parts layout is not critical, follow 
the pictorial closely and keep the RF leads as short as possible. 

Q@1 can be any low-cost transistor, such as a 2N301 or 2N307. 
Though Q]1 is designed for chassis mounting, it can be soldered di- 
rectly to the terminal strip. Bend two terminal strip points toward 
the front panel at a 45-degree angle. Bend small hooks in Q1’s 
emitter and base leads. Place the hooks in the tie points and 
solder them quickly, using as little heat as possible. Use an alli- 
gator clip as a heat sink on each lead when soldering. 

Q1’s collector is its mounting flange. Do not attempt to solder 
the lead from PL1 to it. The heat would destroy Q1. Fasten a 
solder lug to the flange with a 6-32 screw and make the connection 
to the lug. Since the power supply is negative with respect to 
ground, take care that the polarity of SR1 and C3 is correct to 
prevent trouble. 

Adjustment. Connect the transceiver output to J1 and the an- 
tenna to J2. Set sensitivity control R2 fully counterclockwise and 
turn on all power. As you transmit, turn R2 until PL1 glows 
slightly. (If R2 is opened up wide, PL1 or Q1 may be damaged 
by excessive current.) When you modulate by talking into the 
mike, the lamp flickers at the modulation rate. Now you'll never 
have to worry about whether your signal really is getting out. § 


PARTS LIST 


RI—4,700-ohm, '/. watt, 10% resistor 
R2—25,000-ohm, linear-taper potentiometer 
Ci—5 mmf, 500 VDC ceramic disc capacitor 
C2—100 mmf, 500 VDC ceramic disc capacitor 
C3—160 mf, 15 V electrolytic capacitor 
Si—SPST toggle or slide switch 


TI—Filament transformer: ss V primary, 6.3 V @ 
5 A secondary 

DI—IN34A crystal diode 

SRi—Silicon rectifier, 100 ma, 25V PIV or higher 

Q1i—2N30) or 2N307 (see text) 

PLI—No. 48 pilot lamp and holder 

Misc.—Terminal strips, coaxial jacks 


RF, demodulated by D1, is applied to the base 
of Ql, causing it to conduct and to light PL. 


01 


C1 . R1 
5 MMF 4.7K 


J1 


J2 


Grip leads of Ql and D1 with pliers when sol- 
dering to prevent heat damage. Collector of 
Ql is case, so scrape paint from around hole 
in mounting flange for good electrical contact. 


SPEECH 
COMPRESSOR | 


Novel circuit gives you the biggest 5-watt signal on the air. 


By Herb Friedman, 2W6045 


wir MORE AND MORE stations getting on the air, the normal CB problems 
of short range and interference are compounded. In fact, in metropolitan areas 
it’s frequently difficult to get solid copy even on the shortest-range con- 

tact. But now, by adding EI’s Speech Compressor you can cut 
through the interference and considerably extend your solid 
copy communications range. Speech compression modi- 
fies your rig’s modulation in such a manner that the 
effect is equivalent to a large increase in power out- 

put. 

When you say a CB transmitter’s signal is modu- 
lated 100%, you refer to the situation when audio 
power is at its peak. The average power is another 
factor—usually about 10db less than peak, produc- 
ing 30% modulation. Our speech compressor lowers 
(not clips) the peaks, permitting average modula- 
tion to be moved up toward 100%. The effect is a 
signal that is all audio and one that stands out from 
others. With the usual CB microphone and EI’s com- 
pressor, up to 16db compression can be obtained. If 
you suddenly raise your voice, additional compres- 


cs . Compressor is shown 
Mii, in use with an Olson 
Electronics transceiver. 


sion is brought into the act. Not only is 
there a higher average modulation per- 
centage, but distortion-producing over- 
modulation is forestalled. 

Construction. The speech compressor 
is built in a Minibox with the tube 
sockets spaced and oriented so the 
terminal strips do not interfere with 
each other. For wiring ease, cut off the 
center ground post (if present) of V2’s 
socket. Microphone input jack J1 and 
volume control R5 are mounted side by 
side, as are compressor output jack J2 
and compression control R6. If you in- 
tend to use the compressor with a push- 
to-talk rig, J1 should mate with the mi- 
crophone plug and J2 should have 
enough terminals to handle the push-to- 
talk leads. 

Since V1 is an amplifier, care must be 
taken to avoid hum pickup. Run the fila- 
ment leads as shown, but twist them to- 
gether tightly, keeping them away from 
V1’s components and J2. Even if one 
.side of the filament circuit is grounded 
at the transceiver, do not -ground the 
compressor’s filament to the Minibox. 

Notice that the three shielded leads 
shown in the pictorial have an insulat- 
ing outer covering and that the shields 
are grounded at only one end. To make 
wiring easy, use thin insulated phono 
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cable for the shielded leads. When sol- 
dering D1 and D2 use a heat sink, such 
as an alligator clip, on each diode lead. 

Tube V2 usually will not require a 
shield; however, a poorly grounded 
transceiver or a poor antenna system 
can cause RF hum. If this occurs shield 
V2. 

Installation and Checkout. Connect 
the filament leads across the trans- 
ceiver’s filament supply and the ground 
lead to the transceiver chassis. The com- 
pressor’s B+ lead is connected to the 
transceiver’s power supply at the point 
of maximum filtering (this is where the 
transceiver mike preamp’s plate load 
resistor connects to B+). 

Set controls R5 and R6 to full 
counterclockwise (off). Connect a 
modulation percentage indicator to the 
transceiver’s output. With the mike in 
its usual position, speak in a normal 
voice. Advance R5d until the modulation 


meter reads 100% on speech peaks. 


Turn R6 full clockwise and the per cent 
of modulation will fall considerably. If 
you are speaking close to the micro- 
phone the peak modulation should indi- 
cate below 30% (12-16db compression). 


Advance R5 until the modulation peaks © 


at 85%. At this setting you will have 
nearly full compression and the 85% 
setting leaves you a 1.5db safety margin. 
If you raise your voice, this margin will 
reduce the chance of overmodulation 
distortion. 

If you do not have access to a monitor 


THEORY 


VI is a variable-gain preamplifier whose output is fed 
through volume contro! R5 to the transmitter via J2. 
Vi's output signal also is fed through compression control 
R& to V2, an amplifier phase inverter. 

The signal at both plates of V2 is rectified by DI and D2. 
The resultant DC is fed back via RI4 and RIé to vary 
Vi's grid bias, thereby controlling its gain. With Ré6 off, 
no signal is fed to V2 so there is no DC control voltage 
and VI operates at full gain. 

The use of the phase inverter permits both the positive 
and negative peaks to be compressed, rather than the 
negative peaks only, as is the usual case. This system elimi- 
nates distortion common to single-peak compression and 
provides a higher level of control voltage. Further, the 
frequency response is changed automatically to maintain 
. Maximum communications effectiveness. Under full com- 
pression the low frequencies are attenuated slightly to 
give a crisp sound. If the voice signal falls extremely low 
—below compression level—the low frequencies are at- 
tenuated sharply. 

The waveforms at right show the difference in effective 
average power in a non-compressed signal (fop) and a 
compressed signal (bottom). 


meter, the following adjustment pro- 
cedure will give satisfactory results. Set 
your VTVM to the AC function on the 
highest range, connect the AC probe to 
the plate of the modulator tube (usually 
a 6AQ5) and the meter’s common lead 
to the chassis. Connect the microphone 
directly to the transceiver and, using a 
dummy load, transmit in the normal 
manner. Note the peak reading on the 
VTVM as you speak. This reading will 
be assumed to equal 100% modulation. 
Next, connect the compressor and set 
R6 for maximum compression. Speak- 
ing as before, advance R5 until the 
VTVM indicates the same reading on 
speech peaks. ‘3 

If you feel you do not need full com- 
pression on short-range contacts, an 
intermediate setting of R6 reduces com- 
pression. Keep in mind that as you re- 
duce compression R5 must also be 
reduced or the transmitter will over- 
modulate. (Overmodulation sounds 
extra loud on short-range contacts but 
is just a mess of distortion when your 
signal is weak.) 

EI’s compressor is designed to operate 
with microphones supplied with CB 
transceivers or with such high-output 
types as the Astatic D-104, the Sonotone 
CM-30 and the Turner 350C. It will not 


perform satisfactorily with low-output 


microphones. Since the compressor pro- 
vides gain, do not operate with R5 wide 
open or you will get distortion from 
overmodulation and overdrive. —}- 
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Better Mike 


ANY an early CB rig is gathering 
dust because of the poor audio 
quality delivered by its carbon micro- 
phone. Converting the rig to use a 
ceramic mike is one answer, but the job 
may be more trouble than it’s worth. 
However, by replacing the carbon mike 
element with a controlled-magnetic mi- 
crophone cartridge and adding a simple 
one-transistor amplifier you can enjoy 
the advantage of a rig with lots of clean 
“talk power.” Both the new magnetic 
element and the amplifier probably can 
fit inside the old carbon mike case. 
No additional battery is needed to 


SWITCH 


PARTS LIST 


Resistors: '/2 watt or lower, 10% 
Ri—6,800 ohms 

R2—2,200 ohms. 

R3—270 ohms 


Ci—10 mf, 6 VDC capacitor 

@!—Transistor—2N217, 2NI09 or equiv. 

Mic.—Magnetic type replacement car- 
tridge (Shure R5 or low-impedance 
type) 

Misc.—Perforated board; flea clips 
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power the amplifier since the trans- 
ceiver’s original carbon microphone 
voltage supply is used. The amplifier is 
built on a small section of perforated 
board, with flea clips as tie points. Lay- 
out and wiring is not critical, but protect 
Q1 from heat damage by placing an alli- 
gator clip or similar heat sink on Q1’s 
leads when soldering. 

The amplifier has no common ground 
lead and hence may be connected to the 
input transformer regardless of the 
polarity of the DC supply. It is im- 
portant however, that Q1’s collector be 
connected to a negative voltage. 

—Chet Stephens § 


The preamp joins the original input circuit 
at the points marked X in the schematic. 
A jack for the original carbon mike, if 
present, may be used or direct connection 
to the circuit may be made at these points. 
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© Superhet Receiver 
© Regulated Power Supply 
° 40-Watt Transmitter By Harry Kolbe 


| ies the good old days, hamming was a real adventure. That was back 
when kits were still a thing of the future and half ‘the challenge of 
going on the air was in building your own equipment. The equipment 
may have lacked all the spit and polish that kits now have, but the 
real spirit of hamming came through to those who cut, drilled, added 
a turn or rolled a coil with their own hands. 

The ambitious Novice or General amateur who would like to see 
what it once was like can now build a complete ham station with 
components. EI’s rig consists of a hot four-tube superhet receiver; 
a one-tube, 40-watt CW transmitter and a power supply. The station 
provides complete coverage of the 40 and 80 meter ham bands and 
the cost runs to about $50. | 

At first glance you may wonder why the station is built on three 
chassis. The answer—versatility. The station actually is three projects 
and may be built as such. For example, if you wish to build only the 
receiver, use'a 12-inch panel instead of a 24-inch panel. A smaller 
power supply can be built on the receiver chassis. On the other hand, 
if you own a receiver, you may only want a transmitter and power 
supply. Or you may only want a good regulated power supply for 
experimental work. 


The Receiver 


Although the receiver has only four tubes, its sensitivity and selec- 
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BERG SELECTOR 


Fig. 1—Receiver schematic. Switching mode-selector switch S1 to the WWYV position adds an additional 
capacitance (C3, C4) across oscillator coil L2 so that 5-mc signal can be received without tuning C7. 


Fig. 2—Receiver pictorial (left), C21 should be mounted where shown to keep connections to it short. 
The control knob on front of chassis is connected to it with extension shaft and coupler (not shown). 


tivity are excellent. After careful align- 
ment we measured a sensitivity of about 
% to 1 microvolt for a 10db signal-to- 
noise ratio. Many features are incor- 
porated in the receiver’s design which 
usually are found only in high-priced 
communications receivers. 

@ Construction. The receiver can be 
built on a 7x9x2-inch aluminum chassis 
without crowding. Follow closely the 
layout of the components shown in Figs. 
2 and 14. The front panel is a 7x24-inch 
rack panel (Premier Metal Products 
ARP-724). The receiver chassis is held 
to the panel by R27, S1 and S2. 

It is necessary to modify IF trans- 
former T1 and antenna-tuning capaci- 
tor C1/C2. T1 is a standard IF trans- 
former with built-in fixed capacitors 
across both the primary and secondary 
windings. To provide the correct feed 
to the crystal filter (XTAL 1, C15, C16 
and L5) the capacitor across T1’s sec- 


ondary must be removed (C13 and C14 
mounted outside T1 are used instead of 
the removed capacitor). 

Refer to Fig. 7. Bend back the two 
tabs that hold the transformer in its 
can then pull off the can. The secondary 
winding is connected to the lugs marked 
3 and 4. These lugs are bent 90 degrees 
where they enter the plastic base. As 
they overlap each other and are sepa- 
rated by a mica dielectric, they form a 


fixed capacitor. 


Carefully break off one corner piece 
of the plastic base with a pair of diago- 
nals. Pull either lug out sideways, tak- 
ing great care not te break the fine wire 
attached to it. Cut off the horizontal 
part of the lug, which forms one half of 
the capacitor. Now return the lug to its 
original position and cement it in place 
with Duco cement. Allow the cement to 
dry several hours, then replace the 
transformer in its shield can. 
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RECEIVER PARTS LIST 


Resistors: '/. watt, 10% unless 
otherwise indicate? 

RI—2,200 ohm 

R2, RS, Bl, R13, Rid, R18,R23 — 100,000 


ohm 
R3 RI, R20—1,000 ohms 
R4,R22—47 000 ohms 
, R6—27 ohms _ 
RI, RI9—-330 ohms 
RIO, R2{—15,000 ohms 
RIS—2, 500-ohm linear-taper 
potentiometer 
RI6é—1!,200 ohms 
RI7—39 ,000 ohms, 2 watts 
R24—~56,000 ohms R25—-390 ohms 
R26—33,000 ohms 
R27-—500, 000-ohm audio-taper 
potentiometer 
R28—220 ohms, 5% » 


R7—10 ohms 


R31—68,000 eane R32—{,000 ohms 

R33—470,000 ohm 

R34—470 ohms, |! wait R35—47 ohms 

Capacitors: 500 V cerdmic disc 
unless otherwise indicated 


Cl, crt gene vasiable capacitor, 


365 mmf per gang (Allied 60 t 


R5—3,300 ohms 


725 or equiv. Modified, see text) 

C3—240 mmf mica 

C4—55-300 mmf trimmer (ARCO 
427 or equiv.) 

C5—150 mmf mica 7 

Cé—7-100 mmf trimmer (ARCO 423 
or equiv.) 

C7—3.2-50 mmf variable (Hammar- — 
lund MAPC-50 or equiv.) 

co mmf mica 

CI—.001 mf 

Cio, eit .C12,C1t7, Cis, Cl9, C20, C26, 

27, C28, €29, 633, 634, 636, €37— 


Ol 
C13,C14—120 mmf mica 
C15—3-35 mmf trimmer (ARCO 403 
or equiv.) 
Cié—47 mmf mica 
C2!1—2.3-15 mmf variable (Ham- 
marlund MAPC-I5 or equiv.) 
C22,C23—330 mmf mica 
C24—200 mmf mica C25,C35—.05 mf 
C30,C3iI—100 mmf C32—100 mmf. 
SIA, ,B,C—3-pole, 4-position switch 
(Mallory 32433 or equiv.) 
S2—SPST toggle switch’ 
Tl,¥2,T3—1,750 ke. IF transformer 
(Lafayette HP-226 or equiv.) 


T4—Universal output transformer 
(Lafayette TR-12 or equiv.) 

Li—Antenna transformer (see text) 

L2—Oscillator transformer (see 
text) 

L3,L4—Choke (see text) 

L5—105-200 microhenry colt (North 
Hills Electronic: S$-120-H and 
$-120 can.) - 

Lé—-36-64 microhenry coll (North 
dee Electronics $-120-F and $-120 


ca 

= = 
—~Shortin e phone jac 

Ot ,D2—1N54 3 tar 

Mi—Iituminated ‘S-Meter (Lafay- 
ette TM-11 or equiv.) 

XTAL—I 750 ke crystal 


V3—-6U8A tube. 


Misc: — Medel %-inch Mintbox 
(tuning) 5x4x3-inch Minibox 
band selector); crystal socket; 
Millen No. 10039 dial; 9x7x2-inch 
chassis; shaft coupler. (Lafayette 
MS-917); knobs; brackets (Bud 
MD-458 or equiv.), 7- and 9-pin 
tube ‘sockets 


Now modify variable capacitor C1/C2 

by removing all but four rotor plates in 
each section. Open the capacitor fully, 
hold a plate with a pair of long-nose 
pliers and then pull, wiggling it at the 
same time. 
, Coils L1, L2 and L4 are made from 
Barker and Williamson No. 3012 Mini- 
ductors. Fig. 6 tells you the. number of 
turns for each winding. (The separa- 
tion between the windings is one turn.) 
After counting off the total number of 
turns (plus one turn), the coil stock 
must be cut. Push in a turn, cut it inside 
the coil, and then push the newly cut 
ends through to the outside of the coil. 
Peel the wires back with pliers. The 
plastic support bars can be cut with a 
fine-tooth jeweler’s saw. L3 is 18 turns 
of No. 22 enamel wire closewound on a 
100K, 1-W resistor, L4 is 43 turns. 

To build the filter assembly consist- 
ing of L5 and R8, remove L5 from the 
can and line the inside of the can at the 
bottom with tape. Note the color dot and 
orient the coil as shown in Fig. 5. 
Solder R8, a 100,000-ohm, %-watt 
resistor to lugs A and C. (These 
letters do not appear on the coil. - 
We have designated. the lugs 
A,B,C,D with respect to the 
color dot to facilitate wiring.) 

The lug designations for coil 

L6 are the same. However, 

there isn’t a resistor on L6. 
Oscillator tuning capaci- ~ 


bl 
ak 
40M 80 


tor C7 and the following parts are 
mounted in a 234x2%x1%-inch Mini- 
box as shown in Fig. 4: C3, C4, C5, C6, 
L2, C10 and R5. A %-inch diameter 
shaft and shaft coupler connect C7 to 


the front-panel dial assembly. First 


mount the parts in the Minibox to de- 
termine where the dial should be 
mounted so it can be coupled to C7. 

The antenna tuner/band selector con- 
sists of L1, L3, L4, C1 and C2. Trimmer 
C1T is part of Cl. . These parts are 
mounted in a 5x4x3-inch aluminum box 
for shielding as shown in Fig. 3. The box 
is mounted in the center section of the 
panel over the power-supply chassis as 
shown in Fig. 15. 

The rest of the receiver construction 
and wiring is straightforward. Termi- 
nal-strips are used generously in the 
receiver for mounting components and 


Fig. 8—Paste scale on paper. insert in dial. 
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4466 or equiv.) 
~ SEDER tebe - 
Fear $ insulators. (Jotn- 7 

5-44 or. “equiv. }: plate cap 
{Millen 38004 or equiv}: caramic 
acta! tube socket; Sxéxd-inch 
Minibox: %x7x2-inch chassis: ter. 
minal strips; crystal socket; 40. OF 
O-meter. crystal ; 


inter-connecting wiring. On the pic- 
_torials the terminal strips are desig- 
nated, for example, TS12-2. The last 
number refers to the lug. In several 
places the receiver is wired with 
RG174/U_ coaxial cable to minimize 
hum and radiation, especially around 
the crystal filter. The places where the 
coax is used are shown on the sche- 
matic. 

Now build the power supply and then 
proceed to the receiver alignment. 
@ Alignment. After turning on the 
power, you should hear a hum when 
R27 .is advanced fully clockwise. If you 
don’t hear hum, touching a screwdriver 
to pin 3 on T3: should produce a loud 
hum and click. This means the audio 
section is working. If you still. don’t 
hear anything, check over the wiring. 

Set the front-panel controls to the 
following positions: IF gain (R15) full 
clockwise; Sl to CW; and BFO switch 
S2 to on. The next step is to peak TI, 
T2, T3, L5 and L6 to 1,750 ke, the crys- 
tal and IF transformers’ frequency. If 
you own or can borrow an RF signal 
generator, feed a 1,750 ke signal from 
it to pin 2 of VIA. Lacking a signal 
generator, you can use an ordinary 
broadcast-band receiver tuned to 1,295 
ke. Since most broadcast receivers have 
a 455 kc IF, the set’s local oscillator will 
be operating on 1,750 kc when the re- 
ceiver is tuned to 1,295 kc. But don’t de- 
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pend on the broadcast receiver’s cali- 
bration. Verify its. dial calibration first 
by checking it with stations. whose fre- 
quency you know. The oscillator of the 
broadcast receiver can supply the 1,750 
ke signal, which can‘ be picked up by 
the Station’s receiver. Run a wire from 
pin 2 of V1A to a point near the antenna 
of the broadcast receiver. 

With the plates of C21 (BFO pitch) 
half open, adjust the slug of L6 until you 
hear the beat note resulting from the 
broadcast receiver’s 1,750 ke signal and 
the BFO oscillator’s signal. Now adjust 
the slugs on the top and bottom of T1, | 
T2, T3, and the slug of L5 for the loud- 
est sound. If the Station’s receiver over- 
loads, reduce the strength of the 1,750.ke 
signal from the. broadcast receiver by 
moving the antenna wire away from the 
broadcast receiver until you are just 
able to hear the beat note. Turn S2 off 
and slowly change the frequency of the 
broadcast receiver by tuning it back 
and forth. You should notice a spot 
where the noise increases, then falls off 
quickly. The crystal frequency is at that 
point where the noise is maximum. Re- 
peak T1, T2, T3 and L5 for loudest 
noise, regardless of the broadcast re- 
ceiver’s dial setting. 

You should now hear a few signals 
with an antenna connected to the re- 
ceiver. When C1/C2 is almost un- 
meshed, the receiver will tune the 40- 


Fig. 11—Transmitter 
components that are 
mounted in 4x5x6-inch 
box above chassis. V5 
is mounted in corner of 
box in foreground. L10 
is 4 inch above chassis 
and on other side of V5. 
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Fig. 14—Underside view of station chassis: transmitter (left), power supply: (center), receiver (right). 


meter band. When C1/C2 is almost 
meshed, the receiver tunes the 80-meter 
band. Tune in a signal of known fre- 
quency! with the main tuning knob (a 
signal generator or the station’s trans- 
mitter may be used as the signal 
source). Now adjust trimmer C6 until 
the signal comes in at maximum 
strength. Adjust C1T (trimmer on the 
opposite side of Cl) for maximum 
volume. 

You may notice that tuning C1/C2 
and C1T changes the location of the 


signal on the dial. In other words, C1/C2 - 


or C1T pull the oscillator slightly. To 
remedy this would have made the re- 
ceiver more complicated. The simple 
solution is first to peak C1/C2 on noise 
on the desired band, then tune with C7. 

Turn the BFO back on and tune in a 
CW signal. When tuning through the 
signal, note that it is louder on one side 
of zero beat than on the other. Experi- 
ment with the setting of C21 until what’s 
called the maximum single-signal effect 
(signal louder on one side of zero beat 
than the other) is obtained. It may be 
necessary to adjust C15 and to retune 
T1 and L5 to achieve this effect. After a 
little adjustment, the single-signal effect 
should be quite apparent. 

If T1, T2, T3 and the crystal. filter 
(XTAL 1, C15, C16 and L5) have been 
aligned correctly, the dial calibration 
for 40 and 80 meters should coincide. 
If alignment is incorrect, the calibra- 
tion will be offset on the two bands. 

To align for WWV at 5 mc, set S1 to 


the WWV position, set C1/C2 to 80 me-. 


ters, and adjust C4 to bring in WWV 
at any quiet spot on the dial. Mark that 
spot on the dial. To tune in WWYV later, 
reset C1/C2, set Sl to WWV and set the 
dial to the mark. 
@ How it Works. Refer to the schematic 
in Fig. 1. The receiver is a superhetero- 
dyne with a 1,750 kc IF. The pentode 
section (V1A) of the 6EA8 is used as 
a mixer and the triode section (V1B) 
is the local oscillator. The receiver is 
tuned by changing the frequency of the 
local oscillator, which tunes from 5.25 
to 5.75 mc. With this range, both the 3.5- 
to-4-mc and 7-to-7.3-me bands may be 
tuned. Here’s how. If the local oscillator 
is set by C7 so its output is 5.25 me, the 
difference between 5.25 mc and 3.5 mc 
is 1,750 ke, the IF. And the difference 
between 5.25 mc and 7 mc also is 1,750 
ke. Although you might expect to hear 
a 3.5 mc and 7 mc signal at the same 
setting of the tuning dial, the two sig- 
nals never reach the mixer because of 
the double-tuned rejection filter, con- 
sisting of L1, L3, L4 and C1/C2, be- 
tween the antenna and mixer grid. 
This double-tuned filter is extremely 
selective and provides close to 70db re- 
jection of the band to which it is tuned. 
The advantage of this design is. that 
by eliminating coil switching it is easy 
to build a stable high-frequency oscil- 
lator, which results in a stable receiver. 
Additional stability is obtained by using 
regulated 105-VDC power for V1B. 
The high degree of selectivity is oh- 
tained by using a crystal filter and two 
IF stages. The frequency of the crystal 


39 


Fig. 15—Top view of station. Receiver (left), power eaccian owiea, transmitter «ens Tuning unit 
is in box in front center of receiver. Band selector is over power supply chassis in front of T5. 


is 1,750 kc, the same as the IF trans- 
formers. In combination with the reso- 
nant circuit consisting of L5, C15, C16 
and the tuned secondary of T1, XTAL 1 
forms a filter that sharply attenuates all 
signals on both sides of the IF fre- 
quency. 

For CW reception set S1 to CW. This 
is the narrowest IF passband and re- 
sults in sharp tuning and a clean signal. 
When S81 is in the SSB or AM position, 
R7 or R6, respectively, is inserted be- 
tween L5 and ground, Placing either re- 
sistor in series with L5 broadens the 
response of the filter. 

The crystal filter is followed by two 
stages of IF—a 6BA6 (V2) and the pen- 
tode section of the 6U8 (V3A). The gain 
of the IF stages is controlled by R15. 
However, when S1 is set to AM, Sl 
inserts an AVC loop. Voltage for the 
AVC loop is rectified by D2. This AVC 
is delayed—that is, the AVC is not effec- 
tive at low signal levels. This is achieved 
by back-biasing (R28, R29) AVC diode 
D2 with a small positive voltage so it 
does not conduct until the IF voltage 
reaches the same level as the back-bias 
voltage. This occurs when the signal at 
the antenna is 4 microvolts or greater. 

D1 is the audio detector. The audio 
signal across R27 is applied to triode 
voltage amplifier V4A and then to pen- 
tode power amplifier V4B. The output 
of V4B is sufficient to drive a speaker 
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or low-impedance headphones. 

The BFO, V3B, is a triode Colpitts 
oscillator whose frequency is set close 
to the IF frequency by adjusting the 
slug of L6. Fine-frequency or pitch ad- 
justment control is provided by C21. 
Stray coupling to V3A at its socket and 
within the tube envelope provides ade- 
quate BFO signal injection. 


The Transmitter 


@ Construction. All transmitter com- 
ponents except C46, C47, C48 and S5 are 
mounted on a 9x7x2-inch aluminum 
chassis. The aforementioned parts are 
mounted on a 5x6x4-inch aluminum 
Minibox which acts as a shield to re- 
duce BCI. You can reduce radiation 
further by putting a bottom plate on the 
transmitter chassis, but you must put 
a plate on the top of the Minibox. Don’t 
forget the ventilation holes at the bot- 
tom and top of the Minibox or V5 will 
overheat. 

Tank coil L10 is 29 turns of a Barker 
and Williamson No. 3018 Miniductor, 
tapped six turns (with a Barker and 
Williamson No. 3942 clip) from the end 
marked B in Fig. 11. It is mounted % 
inch above the chassis on ceramic or 
polystyrene feed-through insulators. 
Mount C46, C48 and S5 on the front of 
the Minibox first. | 

The transmitter chassis is held to the 
front panel by key jack J3, the crystal 


Jt M4 CT 


C1,C2 R15 M2 C48 C46 


J2 R27 C21 S2 s S3 


PL1 S4@ J3 $5 XTAL2 


Fig. 16—Front view of station shows control locations and can be used as guide in laying out panel. 


socket and four heavy bolts and nuts: 
If you’re going to build only the trans- 

mitter, the power supply easily will fit 

in a corner of the transmitter chassis 

and you'll be able to get away with a 

7x19-inch rack panel. 

@ Transmitter Tune-up. Connect a 15- 


or 25-watt lamp bulb between the out- | 


put at J4 and chassis ground. Plug in 
a 40- or 80-meter crystal and a key. Set 
S5 to the same band as the crystal, turn 
on the power and set transmit-receive 
switch S4 to transmit. 

Set C48 to maximum capacitance 
(plates closed) and hold the key closed. 
Tune C46 quickly to resonance, which 
will be indicated on M2 by a dip in cur- 
rent. Gradually open the plates of C48 
while readjusting the tuning of C46 as 
loading increases. Increasing lamp bril- 

liance means increased loading. M2 also 
should indicate a higher current. The 
cathode current should be between 85 
and 100 ma when the transmitter is fully 
loaded. To determine actual input 
power, multiply the current indicated 
by M2 by 410, the plate voltage of V5. 

Adjust C38 for the best keying char- 
acteristic. To do this, listen to the trans- 
mitter keying through the receiver 
(there is a small amount of signal leak- 
age from the transmitter to the re- 
ceiver) while adjusting C38. 

Don’t adjust C38 with a lamp qa) 
load as the lamp resistance changes dur- 
ing keying. Use a regular antenna and 
load the transmitter with the same tech- 
nique as is used with the dummy load. 
Maximum loading is now indicated by 


peak current on M2 rather than maxi- 
mum lamp brilliance. 
@ Transmitter Operation. V5 functions 
as both a crystal-controlled Colpitts 
oscillator (the screen grid acts as the 
oscillator plate) and an RF amplifier. 
V5’s input power is 40 watts on the 40- 
meter band and about 34 watts on the 
80-meter band. Regulated voltage 
(+150 V) on V5’s screen grid mini- 
mizes key chirp or frequency skip. 
Power output is taken from a pi-net- 
work tank circuit consisting of L10 and 
C46. C46 tunes the tank. At the pi-net- 
work output, antenna and transmission- 
line loading are controlled by C48. 
Operation on 80-meters requires that 
C47 be paralleled with C48. S5 takes 
care of this. When RY1 (S4) is in the 
transmit position, the antenna input of 
the receiver is grounded and the trans- 
mitter is connected to the antenna. 
When S4 (RY1) is set. to receive, the 
antenna is disconnected from the trans- 
mitter and is connected to the receiver. 


The Power Supply 


The power supply also is built on a 
7x9x2-inch aluminum chassis. Follow 
the layout shown in Figs. 13 and 14. The 
chassis is held to the front panel by PL1, 
S3 and four bolts. Betause of the weight 
of T5 and CH1, 8-inch chassis mounting 
brackets must be used on both sides of . 
the chassis for mechanical rigidity: For 
additional support, put bolts through the 
sides of the transmitter and receiver 
chassis and the support brackets into 
the power supply chassis. -§- 
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Your neighbors will never know if they can't see your skyhook! 


By Steve Bacon, W2CJR 


UPPOSE you are the world’s most 
enthusiastic ham or short-wave lis- 
tener. You can hardly wait to try out 
that new rig—except for one thing: an 
antenna. Those fortunate enough to live 
in more rural areas can simply string a 
wire betwixt house and barn. But the 
inmates of those concrete-and-steel 
apartment jungles have a more serious 
problem. 

One frustrated ham we know solved 
it by loading up the steel beams of the 
elevator shaft. Sitting over his rig in the 
wee hours, he found his vertical antenna 
worked well enough for local contacts. 
Unfortunately, the janitor got suspi- 
cious when his fingers started drawing 
arcs from the control panel of the eleva- 
tor. Our friend, now at a new QTH, at 
last report was experimenting with the 
fire escape. 

Fine-wire antennas are a more ortho- 
dox solution. Using any magnet wire 
from No. 18 on down, you can construct 
an antenna that is virtually invisible. 
The main consideration is how fine a 
wire you can use and still expect the an- 
tenna to support its own weight. 
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One chap, a ham, used a strand of No. 
24 to erect a half-wave antenna for 40 
meters (about 6514 feet from the for- 
mula) and found that enameled wire 
blended perfectly with surrounding 
brick buildings. Minor complications 
aside (he put the thing up on Halloween 
and was mistaken for a prankster), the 
antenna works well and the secret is 
safe—unless the landlord gets’ fantas- 
tically sharp-eyed or lucky. 

It’s senseless to put up a fine-wire an- 
tenna and then load it down in both 
weight and visibility with large glass 
or ceramic insulators. Quarter-inch sty-. 
rene tubing, available at your local 
radio supply emporium, is the answer. 
For end insulators, saw off pieces about 
2% inches long. Drill a ;4-inch hole in 
each end for the wire and you have a 
miniature, almost transparent, insulator 
(see photos). To fasten the ends of the 
antenna, use ordinary TV lead-in insu- 
lators of the screw or masonry nail type. 
Besides holding well, these make the 


whole assembly look less suspicious be- 


cause you see such stand-offs every- 
where. 


If your primary interest is in short- 
wave listening you can merely drop the 
end of the antenna wire down from the 
near insulator and attach it to the an- 
tenna post of your receiver. The styrene 
tubing makes an excellent feed-through 
insulator. Drill a small hole through the 
window sill or other convenient spot 


and line it with tubing before threading © 


through the wire. 

If you intend to use the antenna for 
transmitting, a few more problems are 
involved. Pi-network coupling is a 
boon in matching fine-wire antennas 
properly, and the size of wire you select 
will depend on how much power you in- 
tend to run. Asa rule of thumb, any size 
wire capable of supporting itself will 
take up to about 30 watts. After that, it’s 


a matter of experimentation involving 


actual output of your transmitter and 
how well your antenna is loading. _ 

A Brooklyn ham hooked his 90-watt 
CW rig to an antenna made of No. 24 
wire. His first couple of test dits left a 
plume of smoke in the air and his wire 
in two pieces on the ground. Obviously, 
he needed heavier wire. And just as ob- 
vious is the fact that fine-wire antennas 
are for low-power operation only. 

Reactance rises sharply as wire gauge 
goes up (and the wire itself becomes 
smaller). The smaller the wire, the 
‘more problem’ you’ll have in trying to 


make an impedance match. Tuned — 


small-wire antennas are likely to be 
sharp at one frequency but way off at 
others. Single-band operation probably 
is best and presents fewer troubles. _ 

There are other counterspy-type an- 
tenna gimmicks, of course. If you live on 
a fairly high floor you can dangle a wire 
out the window in the evening and then 
reel it in. before dawn and the probing 
eyes of the TVI-nervous nellies start 


VIEW FROM 5 FEET— 
Just how hard-to-see a 
fine-wire. antenna can 
be is demonstrated by 
this photograph. Di- 
rectly to the left of the 
thumb is an antenna 
of No. 32 wire with a 
plastic-tube insulator in 
center. Can you see it? 


darting around in their morning search 
of the premises. 
We know of several hams who have 


taken a sudden patriotic turn—buying 


a flagpole and mounting it in a bracket 
centered on the window sill. How were 
the neighbors to know that the pole also 
served as an antenna radiating element? 
Another way of doing it is to stretch a 
wire “brace” from the end of the pole to 
a screw eye in the top of the window 
frame. The wire then becomes the radia- 
tor. Various types of window-sill an- 
tennas are easy to devise for the higher 
frequencies—10, 6 and 2 meters, the 
Citizens Band, etc.—because of the 
small size. | 

If your friendly landlord permits the 
mounting of TV antennas on the roof, so 
much the better. Put up a beam and tell 
him that it’s a new kind of TV antenna. 
A word of caution: don’t try to feed 
RF from your transmitter into a master 
TV antenna—that is, unless you happen 
to be in the TV repair business or want 
to hear your neighbors talking about the 
night lightning struck. —- 


A HANDFUL—A complete 50-foot antenna with one 
insulator: the antenna runs directly to the rig. 
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... for 100-ke markers that really stand out. 


ANY ham or SWL will tell you that you can’t beat a 100-kce crystal 

calibrator to determine exactly where you are when checking the 
calibration of communications receivers, converters and oscillators. 
And they’Il also tell you that it is often virtually impossible to spot the 
output of most calibrators in the all-too-common messes of noise on a 
crowded band. 

But EI’s crystal calibrator is different from the others—its output 
can be modulated to produce the most raucous of sounds. Its markers 
will stand out like your howl when you put your thumb on a hot 
soldering iron. What’s more, you can adjust the Calibrator’s output 
frequency slightly to zero-beat it with WWV. This will get the markers 
exactly where they should be. 

The Calibrator, which uses two transistors and costs less than $15, 
produces markers every 100 kc from 100 kc to 30 mc. Since the markers 
are harmonics of 100 kc, they naturally will be weaker at higher 
frequencies. : | 

Most of the Calibrator’s components are mounted on a. small piece 
of perforated board, which could be mounted permanently inside a 
receiver. | 


Construction 


The unit shown is built on a 25¢x35¢-inch piece of perforated board 
which is mounted in the main section of a 5%4x3x2%-inch Minibox. 
Make certain the board does not exceed the specified dimensions or 
the Minibox cover will not fit in place. 

Follow the pictorial closely and do 
not substitute different values for 
any of the frequency-deter- 
mining components—C2, 
C5 and L1. Plug the crystal 
in its socket and mount it 
near the edge of the board 


Author’s model is in 5%x3x2%- 
inch Minibox. Switch selects mod- 


by strapping it down with a piece of 
hook-up wire. Twist the wire ends to- 
gether under the board and apply a drop 
of solder. 

T1 should be mounted by soldering a 
flea clip to each of its mounting tabs and 
then jamming the clips into the per- 


forated board. The tabs are so spaced 


that the clips should line up exactly 


with the holes. Cut off T1’s green and. 


yellow leads near the frame. L1 is held 
in place by two flea clips near the crys- 
tal socket. If possible, position L1 so 
one terminal touches the lug on the 
crystal socket near the center of the 
board. Put a short. length of wire 
through the crystal socket terminal and 
through the flea clip to‘which one side 
of L1 is soldered. 


Wire he “circuit ‘board nae. ‘balons 
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possible, Te orevent Di, "Ql ‘ond "Q2 ‘from 
- Seing damaged, hold the leads selth a 
: pei at pliers whe soldering | an 1 place. 


Solder one lug of C5, the trimmer 
capacitor, to a flea clip in the board and 
connect the other lug to the outside lug 
on the crystal socket. Solder the re- 


maining parts to flea clips but do not 


install C3 yet. . 

' Diode D1 is required only if you want 
markers up to 30 me. If you do not need 
markers above 20 mc, don’t install D1. 
Cut Q1’s and Q2’s leads as short as pos-. 
sible and hold them with pliers to pre-— 
vent heat damage when soldering. 

A miniature switch was chosen for 
S1 to save space and to allow room for 
the batteries. The first set of contacts on 
S1 is the off position and should not be 
used. | 

After all parts are mounted on the | 
perforated board, place a %-inch spacer 


POT aOR vy OE 
Se ; City 


; : : cee nee =e 


Craimat af RF woacillator, 
consisting of EL, 02. G4, 
XTAL and C5, is modulated 
by oandio oscillaics Gl. 
in on position, 3] apples 
gower fa BE oscillator. In 
modubstion positions, SI ap. 
plies power te QI alge. 


or stack of washers between the board 
and the Minibox to prevent the pro- 
truding flea clips from being shorted by 
the Minibox. 

Since the current drawn by the cir- 
cuit is very low, you can expect to get 
the full shelf life out of B1 and B2. They, 
therefore, can be soldered in the circuit. 
Don’t solder the negative leads yet. 


Checkout and Tune-up 


Adjust L1’s slug so it is halfway in. 
Connect a 0-5 (or higher range) ma 
meter in series with B2’s negative lead 
and set Sl to on (no modulation). The 
meter should indicate slightly less than 
1.5 ma. If the meter indicates consider- 
ably less current (say, 100 microam- 
peres), the circuit is not oscillating. 
Rotate L1’s slug clockwise—as you do, 
the current should climb to the range of 
1.5 to 2 ma. If you cannot obtain this 
current even with the slug all the way 
in, connect C3, a 250 mmf capacitor 
across C2. L1’s range of adjustment is 
very broad-so you probably won’t get 
a peak setting with the slug. Consider 
the adjustment complete if the current 
is more than 1.5 ma and the slug is in 
enough for you to get the cover in place. 
Remove the meter and solder B2’s nega- 
tive lead to S1. 


Now connect the meter between BI1’s © 


negative lead and S1. When S1 is set to 
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modulation, the meter should indicate 
approximately 5 ma. If the current is 
greater, there is a wiring error. 

If you don’t need accurate 100 .ke 
markers, tighten C5’s screw completely 
and the Calibrator is ready for use. For 
accurate markers, it will be necessary 
to beat the Calibrator’s output with one 
of WWV’s stronger frequencies (2.5 or 
omc). 

Connect a short wire to J1 and put the 
other end near your radio’s antenna 
terminals. Turn the Calibrator on but 
do not set Sl to modulation. Tune the 
receiver. so you hear WWV at 2.5 or 5 
me. You should hear a whistle caused 
by the heterodyning of the Calibrator’s 
signal and WWV’s signal. Adjust C5 
with an insulated alignment screw- 
driver. The pitch of the whistle should 
fall, become inaudible, then rise again. 
At the point where the whistle is in- 
audible, the output is 100 kc. 

To find the Calibrator’s signals 
quickly on a receiver, set Sl to modu- 
lation. The markers will be raucous and 
can’t be missed. Make adjustments to 
the receiver for either maximum vol- 
ume or maximum S-meter indication. 
For -the final precision adjustment of 
the receiver, turn the modulation off. If 
the Calibrator’s signal overloads «he 
receiver, merely place its output lead 
near the receiver’s antenna terminals.-§ 
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Means to You 


Why isn't your signal getting out? The answer may be‘right here. 


W HEN you start thinking of antenna 
systems for a Citizens Band or am- 
ateur station something called standing- 
wave ratio, or SWR, is likely to come 
to mind. A high ratio is bad. A low 
one (1:1 is the lowest possible) is good. 
But few of us ever try to calculate the 
exact effect of SWR on a signal. 
Handbooks say the ratio of maximum 
to minimum voltage along a transmis- 


sion line is called the voltage stand- — 


ing-wave ratio—shortened simply to 
standing-wave ratio. A more graphic 
definition might say SWR is an indica- 
tion of how much of a transmitter’s 
output power will get into the antenna. 

For instance, if you have a transmis- 
sion line with an SWR of 3 to 1 and your 
transmitter is delivering 100 watts of 
RF, how much signal is actually getting 
up where it counts? 

A quick check of our chart shows an 
SWR of 3:1 gives you a power transfer 
efficiency of 75 per cent. So only 75 of 
your 100 watts is being transferred from 
transmitter to antenna. The remaining 
25 watts is reflected back, dissipated as 
‘heat in the feedline and in the transmit- 
ter’s output circuit. 

SWR can change the apparent input 
impedance of a feedline, making it ap- 
pear either higher or lower than the 
characteristic value. RG8/U coax, for 
instance, has a characteristic impedance 
of 52 ohms. 
mitter is designed to work into 52 ohms 


Even though your trans- | 


it still may not be able to transfer maxi- 
mum RF power into the antenna system 
if SWR is excessive. 

SWR readings usually are taken at 
the transmitter end of the feedline with 
special RF voltmeters (SWR meters). 


-More accurate figures can be obtained 


with an SWR bridge circuit, which’ is 
more complicated and more expensive. 
Look up your own SWR figure in our 
chart and then check the matching per- 
centage of power transfer. It just may 
tell you why you're not getting out as 
well as you'd like——Bert Mann -@- 
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HENEVER an amateur or Citizens 

Bander compiles a-list of equip- 
ment he wants to add to his test bench, 
a grid-dip oscillator usually ends up 
somewhere near the bottom of the page. 
Actually, a GDO is among the most 
valuable instruments you can put in 


your shack. Don’t agree? Well, take a _ 


look at all the things it can do. 

@ Measure the resonant frequency 
of cold circuits—filters, traps, antennas, 
feedlines and so forth. 

@ Measure relative field strength. 

@ Serve as an oscillating detector for 
frequency measurements. 

@ Function as a local oscillator for 
receiver troubleshooting. 

@® Act as a signal generator. 


By Herb Cenan 


@ Operate as a modulation monitor. 

To understand exactly how a GDO 
can perform all these functions, let’s 
take a minute to understand how it 
works. As you can see from the simpli- 
fied schematic below, the GDO is a 
variable-frequency oscillator (VFO) 


with a built-in meter to indicate RF 


power. Meter M1 indicates grid current 
flowing in oscillator tube V1. Naturally, 
the more RF power developed, the 
higher the grid current and the higher 
the meter reading. 

If an L-C circuit tuned to the VFO 
frequency is placed near VFO inductor 
L2, this L-C combination absorbs some 
of the RF power. Since VFO power is 
reduced, the grid current also is reduced 
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and M1 dips—hence the name grid-dip 
oscillator. Inductor L1 and capacitor Cl 
form the external L-C circuit in the dia- 
gram at left. 

Similarly, if an unknown tuned cir- 
cuit is placed near the VFO inductor, its 
resonant frequency can be determined 
by sweeping the VFO. As in the previ- 
‘ous examples; the grid current dips at 
the resonant frequéncy of the tuned cir- 
cuit. 

Cut off the B+ to the VFO (by open- 
ing switch S1) and V1 becomes a detec- 
tor. The circuit now performs as a 
standard wavemeter, with meter M1 in- 
dicating relative field strength. 

Most GDO’s utilize a tube for the os- 
cillator and are powered by an internal 
AC supply. They are reasonably stable 
and their dials can be calibrated accu- 
rately. Although their nominal fre- 
quency range is from 1 to 260 mega- 
cycles, some GDO’s are supplied with 
inductors which extend the range down 
to the neighborhood of 350 kilocycles. 

Until recently, the vacuum-tube GDO 
was the standard type for experi- 
menters. However, because the tube 
GDO requires an AC power supply, it’s 
often impossible to use such an instru- 


ment at remote locations. Not so with | 


the semiconductor GDO that utilizes a 


transistor or tunnel diode for the oscil- 


lator and batteries for power. It can op- 
erate practically anywhere. 
While the term GDO is not really ap- 


sidered from a cost vs. perform- 
te standpoint, a grid-dip oscil- 
lator scores so high that no ham 
or) CBer can afford to be without 
one. The versatile GDO can be 
ed to tune a transmitter (left), 
determine the value of an unmarked 
apacitor, and align receivers, 
converters and RF preamps (below). 


plicable to the semiconductor versions 
(where there is no grid to be dipped), 
these devices still are tagged with the 
name. The limiting factor of the more 
inexpensive solid-state GDO’s is that 
they do not have the required stability 
for precise dial calibration. A minor dis- 
advantage with all solid-state GDO’s is 
their restricted frequency range; the 
lower limit usually falls somewhere 
around 3 mc. On the other side of the 
ledger, the semiconductor GDO does 
have its advantages—portability, for ex- 
ample, which can be a major considera- 
tion. 

Possibly the greatest asset of any 
GDO is its ability to indicate resonance. 
Let’s say it’s time to try out that high- 
power linear you’ve worked on for 
weeks. Do you hang back for fear those 
expensive tubes will light up the moon 
before you can dip the final? Do you 
twist the tuning’ controls frantically, 
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hoping to hit 
resonance be- 
fore the tubes 
become _ shoot- 
ing stars? Not 
if you have a 


GRID 
DIP 
OSCILLATOR coo 


mitter power off, you set your GDO to 
the operating frequency, place it near 
the grid tank and tune the grid capaci- 
tor for dip. Repeat the procedure with 
the plate tank, and you will have tuned 
both circuits before touching the power 
switch. Now when you apply power to 
the transmitter, it will take just a little 
trimming to get the rig tuned on the but- 
ton. 

If you roll your own coils—including 
traps and filters—you'll find the GDO 
especially handy. Instead of laboriously 
calculating each coil, you simply wind 
one that looks good. This done, you con- 
nect it across the required capacitor and 
measure with your GDO. Your first at- 
tempt may be considerably off-fre- 
quency, but it takes only a few seconds 
to trim off some turns. 

For checking out antennas and feed- 
lines, the GDO shines. Is that new an- 
tenna really resonant at your operating 
frequency, or have end effects, miscal- 
culations or some nearby metal objects 
changed everything? Stop guessing (or 
hoping). Put a GDO next to the an- 
tenna, give a quick spin of the dial, and 
youll know for certain whether you'll 
_ get out. How about your resonant feed- 
lines? Are they resonant where they’re 
supposed to be? Again, spin the GDO 
dial and you will know for certain. 


A GDO is almost indispensable when . 


you discover that you’re producing 
parasitics (spurious signals). Just 
switch off the GDO’s B+ (converting it 
to a wavemeter), and place the GDO 
near the transmitter’s output. Sweep 
the dial until the meter indicates output 
at some frequency other than the one 
you are supposed to be on, and you’ve 
found the parasitic. Using the GDO as a 
probe, you now can trace the circuits to 
determine the origin of the spurious sig- 
nal. Try doing this without a GDO! 
‘Having outlined the major uses of the 
GDO, let’s run through the many little 
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Grid-Dip Oscillators 
Freq. Tube or 
Range Semi- Kit Wired 

(Mc) Conductor 


Model 


Barker & 
Williamson 600 


EICO 710 
Heath HM-IOA]| 3-260 
Knight G-30 15-300 
Lafayette TE-18]| 0.36-220 
Millen 90651 1.7-300 
PEL DM20! 3.1-230 


1.75-260 
0.4-250 


kinks that it can iron out for you. For 
example, if you set the GDO to wave- 
meter and plug in a headset, you can 
monitor your own signals. 

Many GDO’s come with interpolation 
charts which allow easy measurement 
of unknown capacitors. You connect the 
capacitor across a specified inductor, 
then measure the frequency of the in- 
ductor-capacitor combination. Compare 
the resonant frequency against the 
charts, and you can read off the capaci- 
tor value as easy as 1, 2, 3. In much the 
same way you can measure unknown 
inductors which are connected across 
known capacitors. 

Since AC-powered GDO’s have ex- 
cellent calibration, they can be used as 
signal generators for aligning budget- 


-price receivers, converters and RF pre- 


amps. Of course, there is no easy means 
to control the signal level, as there is 
with a standard signal generator. But 
since you wouldn’t attempt to align a 
$400 receiver with a GDO anyway, this 
is hardly a handicap. 

Connect a headset to the GDO while 
the B+ is on and the instrument be- 
comes a heterodyne frequency meter. 
When the GDO is placed near a radiated 
signal of unknown frequency, a tone 
(heterodyne) will be heard in the head- 
set as the GDO’s frequency approaches 
the one you're trying to determine. 
Naturally, the pitch of the tone becomes 
lower as the frequency of the GDO ap- 
proaches the unknown frequency. When 
the GDO is set precisely at the unknown 
frequency, the tone disappears. This is 
the zero-beat condition, and the un- 


known frequency is the same as the 


GDO reading.-$- 


HEN you key your transmitter you 

may be throwing a ragged picket 
fence of RF spikes across the RF spec- 
trum. Key-clicks they’re called, and 
they may show up all over an amateur 
band hundreds of .miles away. Such 
spikes also can cause TV pictures to 
jump and roll. 

The remedy is a simple key-click fil- 
ter, built in a 35mm film can and 
mounted right at the key. All you need 
is a .001 mf, 1,000 V disc capacitor and 
a 2.5 mh RF choke. The capacitor goes 
across the key leads and the choke is 
connected in series with the hot keying 
lead. RG58/U or RG5S9/U coaxial cable 
must be used from the key to the filter 
and the filter to the transmitter. 

First, drill a ¥%-inch hole in one side 
of the film can and a %-inch hole di- 


rectly opposite. Scrape the paint from 


One end of coax goes to key 
terminals. Solder capacitor be- 
tween the coax braid and the 
inner conductor. Solder choke KEY 
between two inner conductors. 

A jumper of copper wire runs KEY 
between the two coax braids. GROUND 


TERMINAL — 


looov. 


both sides of the can around the %-inch 
hole. Drill ¥%-inch holes in the can’s top 
and bottom. 

Put a wood screw through the %-inch 
hole in the side of the can, the ¥%-inch 
hole, and through a lug to which is at- 
tached a short length of wire. Tighten 
the screw into the wood base. 

In stubborn interference cases, add a 
second capacitor of the same value from. 
the center conductor of the coax to 
ground at the transmitter side of the 
choke. If your main trouble is TVI, use 
a 7-microhenry choke (Ohmite Z-50) 


instead of a 2.5 mh choke. 


Slip the filter in the can and connect 
it to the key. The lead from under the 
can goes to the key’s ground terminal. 
Scrape the paint from the can threads 
and screw the cap in place. 

Even if your transmitter draws more 
than 100 ma through the keying circuit, 
L1 won't overheat because it handles 
the current only intermittently. When 
operating phone, pull the key plug un- 
less there is a phone-CW switch on the 
transmitter which can be set to CW. 

-—Nicholas Rosa, W1NOA -@- 
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ANY amateurs working 40 or 80 

meters don’t have enough room for 

a half-wave antenna and must settle for 

a random length of wire. While a ran- 

dom-length job will radiate some RF, 

the full get-out ability of the transmitter 
rarely is realized. 

Our handy Antenna Tuner can match 
your transmitter to practically any- 
thing, even an innerspring mattress. 

The Tuner will handle up to 250 watts 
of power from 10 to 80 meters. If you 
use a capacitor with wider spacing be- 
tween the plates than that of the capaci- 
tor specified, the Tuner will handle up 
to 350 watts. To simplify Tuner adjust- 
ment, an RF indicator lamp is included. 

Construction. The author built his 
Tuner in a 4x5x6-inch Minibox. Mount 
C1 and Sl 1% inches above the bot- 
tom of the box. To mount Cl on the 
front panel, remove its front mounting 
foot. After it is mounted, place a spacer 
or a stack of washers under the rear 
mounting foot and secure with a screw. 
C1 must be supported from the rear as 
it is long and heavy and may be de- 
formed if held only with its shaft bush- 
ing. 

Every other turn of Ll is indented to 
make soldering to it easier. Orient Ll 
so these indents face up and toward the 
front. L1 is mounted 12 inch from the 
rear and bottom of the box and is sup- 
ported by its own leads. One lead is 


a2 


connected to J1, the other to the feed- 
through insulator. 

S1 is a progressive-shorting type ro- 
tary switch assembled from a Centralab 
PISD steatite section and a P-270 index 
assembly. Mount S1 so the three con- 
tacts closest to the front panel face C1. 
The wiper contact should face the bot- 
tom of the cabinet. Connect the lugs 
on S1 to Cl and J1 before wiring to Ll. 

When wiring to the taps on LI, start 
at the end closest to Cl. (It will be 
almost impossible to avoid shorts if you 
start at the other end.) Use No. 18 
wire and solder to the taps as shown 
on the schematic, starting at the fif- 
teenth raised tap and working back to 
the third tap. 

If your transmitter’s power exceeds 
150 watts, use an NE-2J or NE-96 neon 
lamp instead of an NE-51. Note that 
you make a connection to only one 
terminal on NL1. Put rubber feet on 
the bottom of the tuner. | 

The final detail is labeling the posi- 
tions on S1 and Cl on the front panel. 
Mark Cl’s minimum capacity 0 and, 
mark 0 also at the position of S1 when 
all contacts are shorted (full counter- 
clockwise). When Cl and L1 are set to 
0, the tuner is out of the circuit and the 
transmitter sees the antenna as if the 
Tuner didn’t exist. 

Operation. Connect the output of 
your transmitter to J1 and your antenna 


tO Ne leea-througn imsurator. (ror op- 
timum results the antenna should be at 
least a multiple of a half-wavelength at 
the lowest operating frequency.) | 

Set Cl and L1 to 0 and tune the trans- 
mitter in the normal manner. Then ad- 
just Sl for maximum RF output, as 
indicated by NL1’s glow, or for a peak- 
loading indication on the transmitter. 
Now adjust C1 for peak output. After 
C1 is adjusted try the next position on 
S1; two or three tries usually are re- 
quired for optimum adjustment. You 
can try the Tuner out on all bands and 
mark the settings on the front panel so 
the Tuner can be reset quickly later. i 

A word of caution: Occasionally you NL] is mounted so only the glass bulb, not the 
find the Tuner gives such a solid match _jnetal base, is in the grommet Taps indicated’ 
the transmitter can be overloaded’ -}- on schematic are the raised turns on the coil. 
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By Merb Friedman, W2ZLF 


HAM ANTENNA FACTS 


Building or buying an antenna is easy, once you know the score. 


LL TOO OFTEN the newcomer to 
the amateur ranks grinds along 
month after month with a_ hastily 
erected skyhook. And, though his 
thoughts may be on that super-duper 
work-all-countries antenna he plans to 
erect, he may pump out less signai than 
if he shouted from a window. 

Much of this is understandable, of 
course. In his first burst of enthusiasm 
to get on the air, a ham is willing to 
use anything for an antenna. But there’s 
no reason to settle for inadequacy. Many 
inexpensive, easily erected antennas— 
both home-brew and ready-made—can 
give quite satisfactory performance un- 
til you get around to your all-out an- 
tenna-raising party. 


The Long Wire 


The easiest antenna to install is the 
long-wire, which can be of any length. 
While it’s not the most desirable an- 
tenna by a long shot, a long-wire is 
sometimes a necessity when you're faced 
with space or a landlord’s restrictions. 
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Figure 1 shows a typical arrange- 
ment: the antenna, as high and as free 
from obstructions as possible, is sup- 
ported by two poles and is electrically 
isolated from the poles by means of in- 
sulators. An antenna coupler is almost 
mandatory with a long-wire, and therein 
lies one of its many weaknesses. All in 
all, if you’re not forced into using a 
long-wire, you’d do better with one of 
the antennas which follow. 


The Dipole 


The simple dipole is capable of giving 
results which can satisfy you for years. 
Basically, it’s a wire which is one half 
wavelength long at the operating fre- 
quency, broken at the center to permit 
connection of a transmission line . (see 
Fig. 2). The impedance at the feed- 
point is matched easily with standard 
52- or 72-ohm coaxial cable or with twin- 
lead. 7 

For best results, a dipole must be used 
at the frequency for which it has been 
cut. However, it also will give good per- 
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Fig. l—Long-wire antenna is old as the hills 
but has one advantage: it can be of any length. 


formance on its third harmonic, so a 40- 

meter dipole will perform efficiently on 
15 meters. This feature is particularly 
handy for the Novice who can work the 
States on 40 and DX on 15 with only 
one antenna. 

While a dipole i is one-half wavelength 
electrically, it isn’t precisely a_ half- 
wavelength physically. The insulators 
at each end contribute a shortening ef- 
fect of about 5 per cent, and the length 
(L) is determined from the corrected 
formula, L (in feet) —468/F (frequency 
in megacycles). 


The Multi-Band Dipole 


One way to work several bands with- 
out erecting an antenna farm in your 
back yard is through the use of the 
multi-band dipole shown in Fig. 3. Such 
an antenna actually is a number of 
dipoles all tied to a common feedpoint. 

As with the standard dipole, the 40- 
meter section also can be used on 15 
meters. Therefore, a multi-band dipole 


‘need consist only of 80-, 40-, 20- and 10- 


meter sections (or any combination “f 
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Fig. 2—Half-wave dipole must be cut to a spe- 
cific frequency. It has an impedance of 72 ohms. 
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Fig. 3—Multi-band dipole consists of several 
dipoles connected to a single transmission line. 


two or more). The dipole for the lowest 


frequency can be at the top, with dipoles 
for successive bands spaced at the ends 
one to two feet apart. Any non-metallic 
material can be used for the supports, 
but wire is verboten! | 

If the multi-band dipole looks like 


your cup of tea, keep in mind that your 


transmitter has to be clean. Multi-band 
antennas radiate harmonics just as well 
as they do fundamentals. Therefore, if 
your rig is loaded with harmonics the 
multi is going to do a great job of push- 
ing them out into space. Only if you are 
certain your transmitter meets good en- 


_ gineering: standards is the multi-band 


dipole recommended. 


The Folded Dipole 


The dipole can be modified easily into 
what is probably the most convenient 
antenna around—the folded dipole (see © 
Fig. 4). If a second wire is stretched a 
given distance above the dipole and con- 
nected to the ends of the dipole, the ra- 


_ 


MADE FROM 
300% TWINLEAD 


300n one 
TRANSMITTER 


Fig. 4—Folded dipole offers broader response 


_ than simple dipole. Its impedance is 300 ohms. 
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Fig. 5—Resonant folded dipole works on both 
40 and 80 meters because of special feedline. 


diation resistance is increased approxi- 
mately four times, to about 300 ohms— 
a value easily matched with low-cost TV 
twinlead. 

In contrast to a simple dipole, which 
gives maximum performance at its res- 
onant frequency with a sharp drop on 
either side, a folded dipole gives good 
performance over a relatively broad 
range of frequencies. Cut for the center 
of the ham band, a folded dipole will 
give efficient performance over all of 
that band. To determine the proper 
length for a folded dipole, use the for- 
mula shown in Fig. 2. 


Resonant Folded Dipole 


For 80-meter enthusiasts with 40- 
meter space, the resonant folded dipole 
shown in Fig. 5 may be the answer. It is 
cut for 40 meters and can be made con- 
veniently from 300-ohm twinlead. 

Naturally, if used on 80 meters, its ra- 
diation resistance would be too high to 
match with commercial twinlead. How- 
ever, when the transmission line is an 
exact quarter-wavelength of 80 meters, 
the feeder acts as an impedance-match- 
ing transformer between transmitter 
and antenna. As a result, good perform- 
ance can be expected. 

When determining the length of the 
transmission line, it’s important to take 
into account the velocity factor—a char- 
acteristic which shortens the line elec- 
trically. The velocity factor for common 
twinlead is 0.82, and the length in feet 
for a quarter-wave section is 246 / F 
(mc) x 0.82. If you want to save 
yourself a little time, you can buy 
an 80-meter folded dipole made from 
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Fig. 6—Trap antenna makes use of ragonant L-C 
circuits for operation on two or more ham bands. 


300-ohm twinlead and trim it down 
to size. 


The Trap Antenna 


Still another popular ham antenna is 
the multi-band trap shown in Fig. 6. 
Whereas a dipole is useful only on the 
frequency for which it is cut—or the 
third harmonic of that frequency—trap 
antennas can cover two, three or all 
bands, 80 through 10 meters. 

To effect multi-band operation, traps 
(resonant L-C circuits) are installed in 
both legs of the antenna. These traps 
alter the length of the antenna electri- 
cally so it is resonant at the signal fre- 
quency. Since the traps are automatic 
in operation, all you have to do to 
change bands is change the transmitter’s 
frequency. 

Trap antennas have another impor- 
tant advantage: they can be made 
physically shorter than an equivalent 
dipole. Whereas you might not have 
sufficient space for an 80-meter dipole 
(or long-wire) , you may have room for 
a short trap antenna. 

The same precaution which applies 
to a multi-band dipole applies to a trap. 
Since a trap antenna also does a great 
job of radiating harmonics, it’s impera- 
tive that your transmitter be clean. 

While there are many other types of 
antennas, the ones we’ve discussed offer 
the hard-to-beat advantages of easy in- 


_stallation and good performance. At 


least one of them is bound to meet your 
specific requirements. Take a little 
extra care with the installation, and a 
good, efficient antenna system can be 
yours. 4 


What You Should 
Know Abou 


By Robert Smith, WILLF 


A little theory shows you why SSB has many advantages over AM. 


te gra SIDEBAND (SSB) is be- 
coming a big thing with amateurs 
these days. And Citizens Band operators 
are interested in it, too, because it offers 
a solution to the problems of crowded 
channels and limited range for a 5-watt 
signal. 

Why the growing interest in SSB? In 
a nutshell, these are the advantages it 
offers: first, more of an SSB transmit- 
ter’s power is used for producing an ef- 
fective signal at the receiver than is the 
case with regular AM radio. In CB, for 
example,'‘SSB will turn 5 watts of in- 
put power into roughly 20 watts of ef- 
fective power. Looking at it another 
way, if you take the power of your AM 
rig and go single sideband you'll get a 
much greater transmission range. Fur- 
thermore, power isn’t wasted in trans- 
mitting a carrier that, as we'll see ss 
is entirely expendable. 

Secondly, a sideband signal occupies 
much less space in the radio spectrum— 
exactly half the space required by a reg- 
ular AM signal. This is important on 
crowded bands. 


Thirdly, in long-distance AM com- 


munications, the distortion caused by 
tading is reduced considerably if the 
transmission is SSB. 

Fourthly, annoying whistles on a 
crowded band caused by the heterodyn- 
ing of carriers are eliminated since SSB 
has no carrier on the air. 

SSB is not new. Engineers started 
experimenting with it in the early 
1930’s. But since more and more new 
hams and CBers are getting on the band- 
wagon, we'll start at the beginning to ex- 
plain what it’s all about. You'll find it 
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Fig. 1—Conventional AM waveform pattern is com- 
posite picture of the carrier and two sidebands. 
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Fig. 2—Spectrum diagram shows amplitude and 
frequency relationships of carrier and sidebands 
when the modulation is a 1.000-cps audio tone. 


easier to understand SSB by reviewing 
amplitude modulation (AM) theory. 
(See ALL ABOUT MODULATION, 
March ’63 ELECTRONICS ILLUS- 
TRATED) 

Visualizing the Signal. Most asplas 
nations of AM are illustrated with 
waveform or envelope patterns that you 
see when monitoring your transmitter’s 
output on an oscilloscope. The pattern 
in Fig. 1 of an unmodulated and a modu- 
lated RF carrier is shown this way. (For 
further illustrations of this type, see 
BUILD THE EI CITIZENSCOPE on 
page 16.) The shortcoming of this pat- 
tern is that it doesn’t show the. rela- 
tionship to the carrier of. what are called 
side frequencies, or sidebands. 

When you apply an RF and an AF sig- 
nal to the final stage of a transmitter, 
you'll end up with four signals—the 
original RF carrier, the carrier fre- 
quency plus the audio-modulating fre- 
quency, the RF carrier minus the audio 
modulating frequency, and the audio 
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frequency itself. (But the audio gets lost 
in the shuffle, so forget about it.) 

The side frequencies (RF plus audio 
and RF minus audio) change in ampli- 
tude in step with the amplitude changes 
of the audio signal. But, believe it or not, 
the amplitude of the carrier doesn’t 
change a bit! You can see this easily on 
the S-meter of a receiver sufficiently se- 
lective to tune through each side fre- 
quency and the carrier of a signal. 

Assume your carrier is 3,900 ke. If 
you whistled a 1,000-cps tone into your 
mike, two side frequencies—one at 3,899 
and another at 3,901 kc—would appear 
at your transmitter’s output, in addition 
to the 3,900-kc carrier. This is shown in 
Fig. 2, a spectrum picture of the com- 
plete signal. Here you see amplitude vs. 
frequency. Figure 1 showed only ampli- 
tude vs. time. The amplitude of the side 
frequencies is determined by how loud- 
ly you whistle. 

If two people whistled different tones 
at the same time, there would be two 
vertical lines on either side of the car- 
rier, as shown in Fig. 4A. 

Therefore, a complete radio signal of 
a 1,000-cps audio tone consists of the 
3,900-kce carrier and two side frequen- 
cies. In other words, three. RF signals 
are transmitted. Forget about the old 
notion of the carrier carrying the modu- 
lation; it does no such thing. The carrier 
is just something that the audio beats 
against to produce two new signals. And 
it is these side frequencies only that 
carry—or, shall we say, represent—the 
modulation. At the receiver, the carrier 
is needed only by second detector to 
convert side frequencies back to audio. 

Between the transmitter and the re- 
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Fig. 4—Spectrum view of part of 80-meter band 
shows AM signal at A, a CW signal at B, a lower- 
sideband signal (carrying two audio tones) at C. 


ceiver the carrier does nothing. But it 
requires a lot of the transmitter’s power 
just to be there for the ride. 

In an SSB transmitter, there still is 
a carrier but after it does its job of form- 
_ing side frequencies it is suppressed and 
not transmitted. The two side frequen- 
cies are mirror-images of each other, so 
we. can eliminate either the upper or 
lower one. After all, the difference be- 
tween 3,900 ke and 3,901 kc is 1,000 eps, 
and. so is the difference between 3,900 
ke and 3,899 kc. 

At the receiver we substitute a home- 
brew carrier from the BFO and beat it 
against the side frequency in the second 
detector. The side frequency won’t 
know the difference and will give us 


back the 1,000-cps audio just the same. > 


For example, when you tune a re- 
ceiver to 3,901 kc, the first detector or 
mixer is fed a 4 356- ke signal from the 
local oscillator. This brings the incom- 
ing signal down to the 455-kc IF. If the 
BFO is adjusted so its frequency is 454 
ke, mixing it with the 455-kc IF in the 
second detector will give us back the 
1,000-cps audio signal. 

For CW reception, it doesn’t matter 
too much what the BFO frequency is. 
One operator may like a 700-cps tone, 
while another prefers 1,000 cycles. But 
for SSB reception, if the BFO frequency 
is set too far from or too close to the 


sideband the original signal will have 


too high or too low a pitch. 

Power Advantages. The amateur 
power limit is based on the DC input 
power to the transmitter’s final stage. A 
CW transmitter running a kilowatt in- 
put power delivers about 700 watts to 


the antenna and all of the 700 watts is 


a usable signal that contributes to the 
output at the receiver. A fully modu- 
lated AM transmitter running a 1-kw 
input on phone delivers 700 watts (av- 
erage power) of carrier to the antenna. 
But this is just carrier and does not con- 
tribute to receiver output (though it 
does move the S-meter). The maximum 
average sideband power which would 
contribute to receiver output is 350 
watts, half the carrier power. This is di- 
vided into two sidebands (only one of 
which is needed) of 175 watts each. So, 
with 1 kw input power on regular AM, 
you get only 175 watts of usable power. 
That’s quite a waste—approximately 


82%. 


But with an SSB transmitter, 1 kw 
average power input will get you 700 
watts average power output—and all of 
it is useful power at the receiver. And 
700 watts compared to 175 watts is a 6db 
gain. Another way of stating this is to 
say that a 1-kw SSB transmitter would 
do as much for you as a 4-kw AM trans- 
mitter. 

Tuning an SSB Signal. One way to 
get a better idea of what we’ve been 
talking about is to imagine we’re tuning 
an SSB signal. At some time when 
things aren’t too hectic, a spectrum view 
of part of the 80-meter band might look 
like Fig. 4. The signal at A is an AM 
signal, identified by the large carrier in 
the center and the flanking side fre- 


~ quencies. The signal at B is an unmodu- 


lated carrier or code (CW) signal at the 
moment the sender’s key is held down. 
The signal at C is an SSB signal and the 
dashed line represents the spot where 
the carrier once was. (The lower side- 
band is being transmitted.) 

Now consider the tuning knob on 
your receiver a device that can move a 
window from one end of the 80-meter 
band to the other. The purpose of the 
window is to enable you to look at only 
a small portion of the band at a time. 
How much of the band the window sees 
depends on its width, which corresponds 
to the receiver’s selectivity curve. Let’s 
tune across the signals in Fig. 4. 

In tuning, we might set the dial to 
3,924 kc. That frequency then would be 
centered in the window shown in Fig. 
5A. Now let’s move the window all the 
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way to the left in Fig. 4—to just below 
3,918 ke—and then start moving it back 
to the right. As the sidebands below 
3,924 ke fall within the window, we hear 


~~ 


one side frequency beating against the : 


other (the two marks to the left of the: 


carrier) and the sound will be gibberish, 
As the window moves farther right. 
enough of the carrier will be admitted 
to beat against the side frequencies, and 
you have intelligible sound. As the win- 
dow continues to move to the right it 
admits the two lower sidebands, the 
two upper sidebands and the carrier 
(five signals altogether) and the audio 
is clean. As we tune to a still higher fre- 
quency, we reach a point where only the 
upper side frequencies are visible and 
again the sound becomes distorted. | 
Continuing our tuning, we hear noth- 
ing until we approach the signal at B. 
When it appears in the window, we hear 
a change in the normal hiss of the re- 
ceiver, indicating a CW signal. Switch 
on the BFO (the line in Fig. 5B) and 
we hear code. Moving the BFO pitch 
control changes the pitch. The relation- 
ship between the BFO line and the 
window is changed by the BFO pitch 
control. When we tune the receiver, we 
move the window and the BFO line to- 
gether without changing the relation- 
ship between the two. If the BFO is on 
and centered in the window and we tune 
from the left across the signal at 4B, we 
first hear a high-pitched signal, and then 
gradually a lower-pitched signal, as the 
BFO line and the spot where the carrier 
was (dashed line), get closer together. 
Let’s approach the signal in Fig. 4C 


BFO 
<j|—> 


A B 


<q 


/ 


| from the left with the narrower window 


in Fig. 5C. When the left sidebands first 
appear in the window, audio output will 
be produced by the beating between the 
side frequencies. Moving the BFO line 
to the right toward where the carrier 
should be will cause the sound to go 


from a low pitch to normal. Now move 


the BFO line to the right side of the win- 
dow (5D) and adjust the control so the 
BFO frequency approaches the point 
where the carrier should be (dashed 
line, Fig. 4C). At first, the sound will 
be high-pitched. When the BFO line is 
directly. over the carrier line, the BFO 
will be in the correct frequency rela- 
tionship with the sidebands and speech 
reproduction will be normal. 

You can now see that in order to re- 
ceive an SSB signal without having to 
constantly readjust the BFO pitch on 
your receiver, the BFO oscillator must 
be extremely stable. 

Inexpensive. communications re- 
ceivers may have an unstable BFO. 
This means that you may have to keep 
your hand on the BFO pitch control con- 
stantly. One way of solving the prob- 
lem is to add a voltage regulator tube 
to the receiver to supply regulated DC 
to the BFO. 

If you want to learn more about SSB 
theory and equipment, refer to these 
books:. Single Sideband for the Radio 
Amateur, published by the ARRL; New 
Sideband Handbook, by Don Stoner, 
published by Cowan Publishing Co.,and 
the Single Sideband Communications 
Handbook, by Harry Hooton, published 
by Howard W. Sams, Inc. - 
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Fig. 5—Tuning a receiver is like moving a window, whose width corresponds to IF selectivity, across 
band. BFO frequency (vertical line) is moved within window by BFO pitch control. Tuning knob moves 
window and BFO line. BFO line must be set directly above carrier line in Fia. 4C for perfect SSB reception. 
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HEA 


PEAKING 
DPHONES 
for 


F THE MANY schemes used to 

peak the audio output of a receiver 

for increased CW selectivity, one which 

usually gets overlooked is the simple 
expedient of tuning the headphones. 

Since magnetic headphones have in- 

ductance, it’s easy to tune them with a 


parallel capacitor. The secret is to in- 
clude a series resistor (R1) to decouple 
the output of the receiver. The higher 
the value of R1, the sharper the resonant 
peak; lower resistance flattens it. 

My Trimm 2,000-ohm headphones 


_ were tuned to 1,000 cycles with a .008 


VOLTS (RMS) ACROSS HEADPHONES 


mf capacitor (a .005 mf and a .003 mf, 
9% or 10% mica, connected in parallel). 


FREQUENCY (CYCLES PER SECOND) 


This value was determined experi- 
mentally with a capacitor decade box 
adjusted to give the 1,000-cycle peak 
response shown in the graph. The 
lower the capacitance, the higher the 
frequency of the peak and vice versa. 

This peaking circuit works best with 
receivers having the usual capacitor or 
transformer-coupled headphone output. 
In receivers where the headphones are 
plugged directly in series with a tube 
plate, resistor R1 will reduce the plate 
voltage considerably. In that case, con- 
nect a 2,000-ohm, 14-watt resistor across 


the headphone jack in the receiver. 


—Rufus Turner, K6AI -§- 


Graph at left indicates the degree of frequency 
peaking that may be obtained by proper selection 
of capacitor Cl. BFO control should be adjusted to 
peak the CW signal at the same frequency. 


Components Rl and Cl may be installed in phone 
Plug shell. Rl isolates the receiver's low im- 
pedance output. Cl] becomes part of an L/C peak- 
ing circuit: the phone inductance supplies L. 


HOW TO 
CHOOSE 
THE RIGHT 


By Al Toler | 


ELL, your ticket finally ar- 
rived! Now you can plug in 
the transmitter. Everything’s legal. But hold 
off a second. How are you planning to connect it to 
that dipole you strung up last spring? Lamp wire or that 
old TV lead-in are out of the question. You’ve got a small problem, 
OM, in getting your signal from the transmitter to the antenna with- 
out losing half your power along the way. 

A special transmission line is the answer, and the type you use 
can make or break your station’s performance. Actually, you could 
use ordinary lamp cord, but there would be big losses. Your 200 
watts at the transmitter might become 10 watts at the antenna. 

When you look for transmission lines in a parts catalog you may 
be surprised by the many types and specifications: twinlead, coaxial 
cable, 72 ohms, 300 ohms, 52 ohms. Where do you start? The situa- 
tion assuredly can be confusing, but if you’re armed with the advice 
in this article you should have little trouble deciding which line is 
best for your station. 

Those readings in ohms represent the most important piece of in- 
formation to consider when you’re looking for a feedline. They refer 
to a line’s characteristic impedance, also called surge impedance. 
(Impedance is to an AC circuit what resistance is to a DC circuit.) 

Characteristic Impedance. To find out what the term means, let’s 
take an extremely short piece of twinlead like that attached to your 
TV set and examine its electrical properties. First, think of the two 
little pieces of stranded wire as the two plates of a capacitor, between 
| which there is a measurable capacitance. In Fig. 1 this capacitance 
AX\™ — is represented by the capacitor symbols. Each wire has inductance, 
| too, and this is represented by the circles of arrows. When radio- 
frequency (RF) power is fed into this minute section of line (Fig. 
2) each wire appears as a series impedance to the RF. Knowing the 
voltage and current of the RF, we can compute the impedance the 
signal sees when looking into A and B. 

To this short section of line let’s add a few-more sections of like 
length—in fact, let’s add an infinite number of sections as in Fig. 3. 
Each section we add is in parallel with the one before it and, there- 
fore, it lowers the impedance at A and B. But each section adds a 
smaller and smaller amount of impedance. 

In an infinitely long line the impedance doesn’t continue to fall 


but, rather, eventually assumes a defi- 
nite value and stays there. To a trans- 
mitter connected to A and B in Fig. 3, 
the infinite number of little feedline sec- 
tions looks like a pure resistance. This 


impedance value is known as the char- © 


acteristic or surge impedance of the line. 
It is stated in ohms. (The symbol for im- 
pedance is Z while the standard symbol 
for resistance is R.) Characteristic im- 
pedance so far as open line is concerned 
is a function of the diameter of the wires 
and the space between them. Engineer- 
ing handbooks give formulas if you want 
to calculate it. 

What we’ve been talking Sbatits is the 
impedance that a feedline presents to an 
RF signal. But after the signal finally 
fights its way through, it faces still an- 
other impedance—that represented by 


the antenna, which in this context is re- 


ferred to as the load. A transmission 
line’s input impedance is the same as its 
characteristic impedance only when the 
characteristic impedance and the load 
impedance are equal. Take a piece of 


Look income 
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Fig. 4—If a line is half-wavelength long, im- 
pedance looking in always equals load impedance 
regardless of line’s characteristic impedance. 


300-ohm twinlead, put a 300-ohm resis- 
tor across the far end to represent the 
antenna, and the transmitter will see 
exactly 300 ohms. Only under this. con- 
dition will all the power fed into a line 
be absorbed by the load (this neglects 
other line losses, which we'll discuss in 
a moment). 

If the load impedance is not the same 
as the line’s characteristic impedance, 
some of the power is reflected back 
down the line and is dissipated as heat. 
The greater the mismatch, the less RF 
will get to the load. 

The mismatch is expressed by the 
term standing-wave ratio, or SWR (see . 
WHAT SWR MEANS TO YOU on page 


63). 


SWR is the ratio ‘et the line’s charac- 
teristic impedance to the load imped- 
ance compared to 1. If the. line’s 
characteristic impedance is 300 ohms 
and the load impedance is 50 ohms, the 
SWR is 300/50 or 6 (it is written as 
6:1). 

The power reflected back because of a 
mismatch sets up what are called stand- 
ing waves on the line. Standing waves 
will make the line’s input impedance a 
different value from its characteristic 
impedance. We won’t go into the reasons 
for it here, but the thing to remember 
is that the input impedance of a random 
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Fig. 5—Actual size of transmission lines. L to R: K-111, 300-ohm shielded twinlead: RG22/U, 95-ohm 
shielded twinlead: RG11/U, 75 ohms: RG8/U, 52 ohms; RG59/U, 73 ohms: RG58/U, 53.5 ohms: Amphe- 
nol 214-022, 300 ohms, TV 300 ohms: Amphenol 214-076, 300-ohm air-core; Amphenol 214-023, 75 ohms. 


length of line that is not matched to its 
load may be considerably higher or 
lower than its characteristic impedance 
at the point where it is connected to the 
transmitter. Under this condition, the 
transmitter will not be able to. transfer 
all its power into the line. 

Let’s see what happens if we use 300- 
ohm line to connect a transmitter to a 
50-ohm antenna. The 50-600 output im- 
pedance of many transmitters would be 
matched to the line in theory. However, 
because of the mismatch between trans- 


mission line and antenna, the line may 


appear to the transmitter as, say, 1,000 
ohms. So only part of the transmitter’s 
power would ever be coupled into the 
transmission line. This would be indi- 
cated by a failure to load to rated input 
current. So in addition to the loss caused 
by the line/antenna mismatch, we have 
added a transmitter power-transfer loss. 

How to Match Impedances. For maxi- 
mum power transfer to the antenna, im- 
pedances must match everywhere. This 
isn’t difficult to achieve since most ama- 


Fig. 6—Transmission lines used 
as impedance inverters can 
match 28-ohm antenna to 50-ohm 
transmitter. Input to quarter- 
wavelength of 53-ohm line con- 
nected to 28-ohm antenna ts 100 
ohms. Input to quarter-wave- 
length of 73-ohm line connected 
to first section is 53 ohms, which 
is close enough to the trans- 
mitter’s 50-ohm output impedance. 
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TRANSMITTER 
SO-OHM OUTPUT 
IMPEDANCE 


teur transmitters have an output imped- 
ance that corresponds to the impedance 
of most of the popular antennas that are 
available at parts distributors and are 
used by hams. 

If the antenna impedance differs from 
the transmitter impedance, matching 
devices such as an antenna coupler or 
balun are available. Whenever possible, 
match the antenna to the line and then 
use a matching device to couple the 
transmitter to the line rather than the 
other way around. Even with a severe 
line/load mismatch there are ways to 
get the transmitter’s power into the an- 
tenna efficiently. Take a look at Fig. 4. 
If you use a line that is exactly a half- 
wavelength or a multiple of a half-wave- 
length long, the input impedance of the 
line will be exactly the same as the im- 
pedance at the load, regardless of the 
SWR. For example, if we connect a 50- 
ohm antenna to a half-wave 300-ohm 
line, the input to the line will appear to 
the transmitter as 50 ohms. So far as the 
transmitter is concerned, it is working 


MOBILE WHIP ANTENNA 
28-OHM IMPEDANCE 


QUARTER 


QUARTER 
| WAVELENGTH AVELENGTH 


73S. TWINLEAD | 53 TWINLEAD 


into 50 ohms. This is often evidenced 
as a 1:1 SWR on a VSWR meter even 
though there is a mismatch between the 
line and the load. Even when the line 
is matched to the load, as a safety meas- 
ure, cut the line to a half-wavelength or 
multiple thereof to minimize line-im- 
pedance variations and SWR losses. 

We just showed how the half-wave- 
length line is an impedance matching 
device—a 1:1 transformer. But a quar- 
ter-wavelength line is an impedance in- 
verter. That is, if the output end of the 
quarter-wave line is connected to a low- 
impedance load, the input to the line 
appears asa high impedance. This prop- 
erty is useful when matching transmit- 
ters and antennas whose impedances 
differ from the impedance of common 
transmission lines. Here’s a practical ex- 
ample: 

A quarter-wave mobile whip antenna 
(Fig. 6) may have an impedance of 28 
ohms. If the transmitter has an output 
impedance of 50 ohms, you have a 
matching problem. Here’s how you solve 
it. If a quarter-wave section of 53-ohm 
line is connected to the 28-ohm antenna, 
the impedance at the input of the line 
will be 100 ohms. We can now consider 
this 100 ohms to be the load and use an- 
other quarter-wave section to match 
into the transmitter. If we connect a 
quarter-wavelength section of 73-ohm 
line to the 100-ohm input of the 53-ohm 


line the input of the 73-ohm line will ap- | 


pear as 53 ohms, a close match to the 
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50-ohm transmitter output impedance. 
For really difficult matching problems, 
consult an antenna manual, such as the 
ARRL Antenna Book. 


Line Losses. A further factor you 
must consider when selecting a trans- 
mission line is the loss or signal attenua- 


tion caused by the dielectric between 


the leads. The thing that makes a special 
transmission line superior to lamp wire 
is its lower losses. Typical lamp wire 
can have a characteristic impedance of 
about 72 ohms. For many years it was 
used as transmission line. The problem 
was that the rubber insulation cracked 
and when it got wet the characteristic 
impedance changed, increasing SWR 
losses. But today transmission lines can 
withstand weather deterioration for 
many years. 


Open Line. Open line is exactly what 
the name implies—two wires held apart 
by a low-loss insulator spaced every few 
inches. It looks like the line shown on 
the first page of this story. Notice in the 
table that the losses are low for open 
line, even at 144 mc. Open line, then, 
might appear to be an. ideal choice, but 
it is difficult to work with. If spacing be- 
tween wires is changed during installa: 
tion an impedance bump appears at that 
point and the SWR increases. There- 
fore, the line has to be installed on in- 


sulators and with great care. If possible, 


avoid open line. It’s a pain in the neck 
to handle. 


Twinlead. Twinlead is just modified 
open line imbedded in polyethylene to 
insure constant spacing. You can bend 
and twist twinlead without worrying 
about impedance changes. Of course, 
using a plastic dielectric increases line 
losses. Considering how easy it is to 


handle, its lower losses and low cost, 


300-ohm transmitting twinlead gener- 
ally is the best deal for the newcomer to 
ham radio. But the important thing to 
remember is not to use light twinlead, 
such as is used for TV, to handle high 
RF _ power. Most modern transmitter 
outputs will match the line’s 300-ohm 
impedance, and 300-ohm antennas for 
use below 30 mc can be made easily. 
(See HAM ANTENNA FACTS on 
page 54) 
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As a general rule, it is better to use 
twinlead than coaxial cable if your an- 
tenna is a dipole. The dipole and the 
- folded dipole are balanced antennas and 
perform best when fed by a balanced 
line, such as twinlead. Depending on 
your transmitter, you may have to use 
an antenna coupler or a balun to feed 
an unbalanced transmitter into a bal- 
anced line. Coax, unless the shield is not 
groundéd (and then there’s no advan- 


tage to using it), is unbalanced with © 


respect to ground and the performance 
from a balanced antenna will not.be as 
good as with twinlead. 


Coaxial Cable. Coaxial cable is easier 
to install. It can be buried underground 
or snaked through a wall without pro- 
ducing extra losses as would twinlead 
if it is near metallic objects. The usual 
coaxial cable has a life of two or three 
years. It may look satisfactory to the 
eye, but if it’s over three years old, re- 
place it. For this reason, always buy new 
coax at the outset. War-surplus coax 
may be selling at rock-bottom prices but 
its performance may be just as low. 
Coax is available for both receiving 
(RG58/U, RG59/U) and transmitting 
(RG8/U, RG11/U) applications. While 
either type can be used below 200 watts, 
the line losses (due to the dielectric ca- 
pacitance between the inner lead and 
outer shield) are greater than for twin- 


lead. At the higher amateur frequen- — 


cies, the line loss becomes appreciable, 
particularly for receiving-type coax. 

Since coax frequently is used above 
30 mc, and since losses in any coax above 
30 me become appreciable, you have to 
consider carefully whether the lower 
cost and greater attenuation of the re- 
ceiving type will be worth the power 
sacrifice. 


If you really want to keep attenuation 
losses down, specify Polyfoam dielectric 
when ordering RG8/U or RG59/U. It 
costs more but you will suffer only 
about half the loss of the usual coax line. 


As you can see, choosing the correct 
transmission line involves more than 
buying merely the least expensive type. 
The difference between an efficient -in- 
stallation and one that turns your signal 
into a peanut whistle is a few dollars at 


most. -$ 
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STOP THAT 
(RF) LEAK! 


ie WAS ONLY recently that shielded 
-meters became standard equipment 
in small transmitters and other gear. 
You might put in hours of labor TVI- 
proofing your equipment, only to have 
RF escape out the meter holes. (Aha! 
That’ how the RF is getting around 
your low-pass filter!) 

What to do about it? Simply shield 
your meters with aluminum foil. Coil 
dope, household cement, “Scotch” tape, 
etc., will hold the foil in place. Care- 
fully cut holes in the foil to pass the 
terminals, of course. And in your final 
wrapping of the body of the meter leave 
enough of a “skirt” to line the back of 
the meter bezel. And be sure some 
corner or tab of the foil is left over to 
go under one of the mounting screws 
(and a washer). To insure good ground- 
ing to the front panel sand off a patch 
of paint where the meter mounting 
screws come through. Sand or steel- 
wool the inside of the meter hole to re- 
move rust.—Nicholas Rosa, WINOA-} 


The 


Mini 


By John Sheldon 


Two extra watts can give you big sound from small portables. 


HE MINI-AMP delivers 2 watts of 

clean audio, yet it isn’t much larger 
than a pack of cigarettes and has no 
transformers. Although the circuit is 
extremely simple, the Mini-Amp has 
reasonable frequency response and pro- 
vides its two-watt output with an input 
of only 10 millivolts when powered by a 
12-volt battery. 

The little rig may be used as a ieeeter 
amplifier for those shirt-pocket transis- 
tor radios with either earphone or 
speaker output or for battery-operated 
phonographs. It is designed to drive an 
8-ohm speaker, though satisfactory per- 
formance may be obtained with a 4-ohm 
model. In conjunction with a public- 
address trumpet, the Mini-Amp maxes 
a useful electronic megaphone. And it 
also can be used as a modulator for a 
o-watt Citizens Band transmitter. 

The Mini-Amp requires 12 volts DC 
and can run off any type power supply 
with low-ripple output (such as a bat- 
tery eliminator) , an automobile storage 
battery or two 6-volt lantern or hot- 
shot batteries. Its components are stand- 


ard and easily obtained, and the unit 


can be built in a few hours. 


Construction 
The author’s Mini-Amp is built in a 


15gx234x2¥-inch Minibox. Power tran- 
sistor Q3 was bolted to one end of the 
case. Because of the circuit design, it is 
essential that Q3’s case, representing its 
collector lead, make good contact with 
the cabinet. Connections are made to 
Q3’s base and emitter pins by using the 
contacts removed from a 7- or 9-pin tube - 
socket. Make sure Q3’s pin holes in the 
Minibox are large enough to prevent 
shorting ‘to the cabinet. A %-inch di- 


ameter hole should do it. 


Terminal strips with two terminals 
and insulated screws are used for the 
input, output and battery connections. 
However, you may use any other type. 
Note that the input terminal at ground 
potential is not grounded to the case; it 
is connected to the B+ buss, the bottom 
line in the schematic. 

Although the author mounted Q1 and 
Q2 on tie-point strips, you can use tran- 
sistor sockets if you have the room in a 
larger box. Take the usual care to pre- 
vent overheating the transistors when 
you solder the leads by holding each 
with a pair of long-nose pliers. 

The negative terminal of the power 
supply is connected to Q3’s case so this 
transistor may be bolted directly to the 
Minibox. without a mica _ insulating 
washer. The box is an adequate heat- 
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Direct coupling of Q2 and Q3 
eliminates transformer. Be sure 
the battery polarity is correct, 
and don’t short the output ter. 
minals or you'll destroy Q3. A 
four-ohm speaker may be used at 
a sacrifice in performance and 
an operating-current increase. 


3's collector is grounded through the case. 
Seraupe perint off the Minibox te shitain gaod 
contact between it and transistor’s case. 
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sink since Q3 is operated below’ its 
maximum rating. 


Operation | 


When you hook up the power supply 
make sure that the polarity is correct. 
Reversing the leads will ruin the tran- 
sistors. Needless to say, the Mini-Amp 
can’t be powered by a_ handful of 
flashlight batteries (unless they are 
alkaline energizers) if you expect rea- 
sonable operating life. Current con- 
sumption with the Mini-Amp delivering 


full power is almost 500 ma. Flashlight 


cells would die a quick death. 

To use the Mini-Amp as a modulator 
for a five-watt Citizens Band transmit- 
ter, connect the 8-ohm secondary. of a 
small audio-output transformer with 
a 5,000-8,000-ohm primary (Stancor 
A3849 or equivalent) to the Mini-Amp’s 
output terminals. Hook the ‘trans- 
former’s primary winding in series with 
the B+ lead to the plate of the trans- 
mitter’s final RF stage as shown in the 
schematic. 


How it Works 


The Mini-Amp owes its simplicity to 
what is called a c:.scaded, emitter-fol- 
lower circuit (also known as a Darling- 
ton circuit). Although used extensively 
in industrial and commercial applica: 


tions, this circuit is little known in 


hobby electronics. 

The emitter-follower configuration is 
similar to its vacuum-tube cousin—the 
cathode-follower. It has the same char- 
acteristics—a relatively high input im- 
pedance and a low output impedance. 
So low, in fact, that it can drive an 
8-ohm speaker directly. 


Note small size compared 
to a pack of cigarettes. 
Q3 is mounted at end of 
box. Output terminal strip 
is next to it. The input is 
mounted at the other end. 


The considerably higher input imped- 


ance of an emitter follower compared 


with the more conventional common- 
emitter configuration allows Q3 to be 
driven directly by Q2 without an inter- 
stage matching transformer. 

Take a look at the schematic. An 


‘audio signal applied to the hot input — 


terminal is coupled by C1 to the base of 
Qi, which is connected as a common- 
emitter amplifier. Stable bias is pro- 
vided for Q1 by the voltage divider eon- 
sisting of Rl and R2. The amplified sig- 
nal appearing at Ql’s collector is 
coupled by C2 to the base of Q2, which 


_ is operated as an emitter-follower. Q2’s 


emitter is direct-coupled to the base of 
Q3, the’second emitter-follower. 

Q2’s and Q3’s collectors are connected 
directly to B -§- : 


RF 
OUTPUT 


SROM 


MiNi AMP 


Schematic shows connection of the Mini-Amp if 
it is to be used as a transmitter modulator. 
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a no-cost 


| ACOUSTIC CABINET for 
TRANSISTOR PORTABLES 


By Sal Stella 


Most transistor radios have a somewhat tinny sound because of their small 
loudspeakers and lack of baffle. 

You can remedy the situation for your own small pocket portable by build- 
ing a cost-free cabinet that substantially improves both the tone quality and 
the sound projecting ability of your little radio. No modifications are required 
on the radio. It is simply slid into the cabinet so that the speaker area is cen- 
tered in the box. As can be seen from the photos the tuning and volume con- 
trols are not blocked. _ 

The model shown is made out of corrugated 
cardboard. Cut out the pattern and make the 
fold lines as shown. Pre-bend the cor- 
rugated cardboard along the fold 
lines for easier handling. Then 
glue the tabs to the tab anchor 
areas, squaring up the box as 
you do so. Follow the se- 
quence of numbers. First se- 
cure tab #1 to tab anchor 
#1, tab #2 to tab anchor 
#2, etc. Cut out the 
openings to fit your 
own radio at the sug- 
gested angle, making 
sure the bottom of 
the radio rests on 
the floor of the 
cabinet. 

In the nhoto at 
right, the cabinet 
is actually being 
held upside 
down. For table- 
top use it’s best 
to set up the cab- 
inet so that the ra- 
dio speaker faces 
slightly upward. 

The cabinet may 
be made of %4” ply- 
wood using the 
same dimensions. -$ 
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; s } ee Sear wdue ‘of ans cabinet 
touch the back | and lop of the cabinet. Tab 


FM Interference Filter 
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Do strong local stations foul up your FM reception? 


You can eliminate the problem with El's low-cost 


By F. David Herman 


| Bechet FM STEREO, most FM receivers got by with an in- 
door antenna. But now in most cases, stereo reception re- 
quires an outdoor antenna to soup up the signal delivered to the 
receiver input. Unfortunately, nearby FM stations can ride in on 
the antenna with a signal strong enough to overload the tuner’s 
front end and cause distortion and cross-modulation. If one strong 
station appears at several points.on the dial, cross modulation is 
probably your problem. | 

The best technique for reducing the signal of the offending sta- 
tion is to use a tuned filter such as the one shown. By tuning the 
filters to the frequency of the offending station, you can reduce 
the unwanted signal by up to 30 db, while the other FM signals 
reach the receiver with their normal strength. With S1 closed, 
the filter is short-circuited out of the line. 

Mount S1 in the exact center of the front pane} of the small 
cabinet used. A DPDT switch is specified because the extra termi- 
nals permit the components to be mounted directly on the switch. 


To permit adjustments, drill ;;-inch 
holes in the box cover opposite C1 and 
C2. 

Connect the 300-ohm twinlead as 
shown. If you use coaxial downlead only 
one half of the filter is needed. Elimi- 
nate L2 and C2 and use a SPDT switch. 
Connect the downlead’s center conduc- 


tor to one side of the filter. Connect a_.. 


short length of coax from the other end 
of the filter to the receiver. Solder the 
coax shields together inside the box. 
Operation. Connect the downlead to 
either side of the filter and connect as 
short a length as possible from the other 
‘side to the FM receiver. Using an insu- 
lated alignment screwdriver (passed 


Any small box will serve to house the few com- 
ponents required by the FM interference filter. 


When slide | switch Sl is closed, filter circuit 
is shorted out of the 300-ohm transmission line. 


oe 


through the holes in the cover) close the 
plates (clockwise) of C1 and C2. Set S1 
so the filter is in the circuit and tune in 
the offending station. Adjust either ca- 
pacitor slowly for minimum signal, then 
adjust the other capacitor for minimum 
signal. Since there is a slight interaction 


_ repeat the procedure several times. 


The filter should only be used to 
eliminate the problem of cross-modula- 
tion. While the filter has sufficient 


selectivity to permit reduction of offend- 
ing signals close to the desired station, 
it can’t cut down interference caused by 
adjacent channel stations. If this is at- 
tempted, both stations’ signals will be 
reduced. -@- | 


PM 


STEREO 


PIUINDEER 


By Fred Blechman, K6UGT 


IAL ACROSS the FM band with a 
multiplex tuner and you’ll be hard- 
pressed to distinguish stereo signals 
from mono programs by sound alone. 
The newer tuners tell you when you’ve 
hit a stereocast with a beep or a glowing 
light. But older multiplex rigs, tuners 
with add-on adaptors and the table-top 
sets have no such provision. Fortu- 
nately, you can upgrade your equip- 
ment with one simple circuit. EI’s 
Stereo Finder, which can be built for 
about $5, sends an audible tone through 
the speakers when the tuner receives a 
stereo FM transmission. It’s a sensitive 
device that won’t interfere with your 
system’s normal operation. 

The unit operates on the beat-note 
idea. As shown in the block diagram, a 
stereo signal entering the multiplex 
adaptor contains a 19-kc pilot signal, in 
addition to the usual right-and-left 
channel information. The Finder injects 
an additional signal and the resulting 
mixture of pilot and Finder signal falls 
into the audio range. With the Finder 
tuned to generate 20 kc, the beat note 
sent to the speakers is an audible 1 ke 
(20 kc minus 19 kc = 1 kc). 

Construction. The unit is a 1-transis- 
tor oscillator whose low operating fre- 
quency calls for no special wiring 
precaution. Follow the illustrations if 
it’s to be used externally, or you can 
devise your own layout if the unit is to 
be tucked inside existing equipment. 
Just be sure that the on-off switch is 
easily accessible. 

Only problem likely to be encoun- 
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tered lies in the variety of multiplex 
adaptor circuits; some might kill the os- 
cillator action of the Finder. If the 
completed model doesn’t work properly, 
try installing an additional %-watt 
resistor of approximately 27,000 ohms. 
The resistor may be tried in parallel 
with (across) capacitor C4, or in series 
with it (between capacitor and center 
lead of the output jack). If this doesn’t 
improve performance, raise the battery 
voltage to amaximum of 9 volts. If the 
Finder produces a tone across the entire 
FM band, change C4 to .01 mf and read- 
just the slug of L1. 

Operation. Hooking the Finder into 
the multiplex circuits is done with a 
short piece of shielded cable. The sim- 
plest system is soldering the hot lead to 
the center wire of the tuner’s MPX jack 
(inside the tuner chassis). The shield of 
the cable goes to chassis ground. An- 
other arrangement utilizes a Y-type 
connector. Here, the cables from adap- 
tor and Finder merge at the tuner’s 
MPX jack. 

First trial with the unit should be run 
while receiving a station known to be 
transmitting stereo. Adjust the Finder’s 
tuning knob until you hear a steady, 
distinctive tone in the speakers. Once 
the proper setting is found, there’s no 
need to change it. The tone is the same 
for each stereo station across the band 
(all have identical 19-ke pilots). 

And don’t forget to switch off the unit 
once a stereo station is located. This ac- 
tion removes tone and Finder from the 
multiplex circuits. -}- 


STEREO 
FINDER 


Block diagram shows where 


Stereo Finder injects signal LTR, Ca Rs 19 KC Mx Nevis STEREO 
R+1KC | AMPLIFAER, 


between tuner and adaptor. ADAPTER 
Audible tone in the speakers 
indicates a stereo program. . 


PARTS LIST 


Resistors: '/.-watt, 20% 

Ri—68,000 ohms R3—1I ,000 ohms 

R2—10,000 ohms 

Capacitors: I5 V or higher, disc 

C!,C2—.01 mf . C4—.00! mf 

C3—.003. mf 

. QI—PNP transistor (CK722, 2N107, etc.) 

Li—Tapped horizontal oscillator coil, 16-42 
millihenries (Miller 6211) 

S!I~—DPST slide switch 

BI—1.5- to 9-V battery (see text) 

JI—Phono jack 

Misc.—Aluminum case, BY" x2!/"x1 54"; knob for '/6” 
shaft; 5-lug terminal strip; battery holder; 
Y adaptor (phono type), if desired 


Output is at JI. Tuner’s and 
Finder’s outputs should be 
combined with “Y” connector 
and fed to MPX adaptor input. 
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ni STORE BARS 


ie saa Bek fo Your Turntable 


Widely spaced bars will show up small speed variations. 


ve pees bars on the circumference of your turntable or record 
changer will give you a much more accurate indication of speed 
than will a standard strobe disc. Since the bars are farther apart than 
they are on a small disc, they tend to magnify speed variations. For- 
tunately, the pilot light on many turntables is located so that it can 
be used to illuminate the bars. 

By using a tape called Labelon, which is sold by photo-supply, sta- 
tionery and radio-parts stores, it is possible to do the job easily and yet 
give your equipment a professional look. The tape is available with a 
black, blue or red bottom layer. The top layer is white. When you write 
on it with a hard pencil or ball-point pen the marks are readily visible. 

First, count the number of bars on your standard 6-cycle strobe 
disc for the speed you are interested in. There will be 216 bars for 
3343 rpm. Next, wrap a piece of fine, flexible wire, string or thread 
(that won’t stretch) around the turntable. At the point where the 
string or wire overlaps, cut both strands evenly. You then have a piece 
exactly equal to the circumference. 

On top of a smooth surface, such as a-sheet of glass or a highly- 
finished table, put a piece of the Labelon tape, taking care to make it 
straight and flat. Cut the tape to the exact length of the string. The 
ends must be cut at right angles so they fit together without overlap 
or a gap when the tape is later put on the rim of the turntable. 

Divide the tape into six parts and draw six partition lines. (Six 
sections were chosen because 216 can be divided by 6 an even number 
of times.) Into each of these six sections draw 35 equally-spaced lines 
using a ball-point pen and a triangle. Take great care not to make 
a mistake. Once a mark has been put on the tape it can’t be removed. 
For best results, the ball-point pen should be the same color as the 
tape backing. For better contrast with the white layer, choose a dark- 
colored tape. 

The bars should be about 3, of an inch wide and, of course, at right 
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TURNTABLE 


CUT STRING HERE 


Use string to determine circumference, or meas- 
ure diameter accurately and multiply by 3.141. 


angles to both of the tape’s edges. 

The first bar should be right on one 
end of the tape and the last bar should 
be one space from the other end. Count 
the bars once more to make sure there 
are exactly 216. 

If you have a three-speed turntable 
or want to make up a set of bars for an- 
other speed, use the same procedure. 
For 45 rpm, there must be 160 bars. 
Again divide the tape into five parti- 
tions, but this time rule 31 lines in each. 
For 78 rpm, draw four partition lines 
and rule 22 lines in each. And for the 
most tedious job of all, 1624 rpm, draw 
12 partition lines and rule 35 lines in 

each. - 
After all the lines have been drawn, 
separate the tape from the glass or table 
top and wrap it carefully around the 
edge of the turntable. This may require 


STRING 


| TAPE 


35 BARS 
IN EACH PARTITION 


For constant indication of turntable speed, con- 
nect a neon lamp to AC line, install near rim. 


the help of a friend, since you must 


handle a rather long piece of tape and a 
free-wheeling turntable simultaneously. 
The two ends of the tape must meet ex- 
actly and one tape edge must be flush 
with the turntable edge. 

If the turntable speed is correct, the 
bars will appear to stand still when il- 
luminated by a 60-cycle neon or fluores- 
cent light. If the bars move to the left 
the speed is too fast. If they move to the 
right the speed is too slow. The speed 
control will permit you to adjust for ex- 
actly the right rpm. 

Exact speed is especially important if 
you have a sense of absolute pitch. If 
you play the piano in accompaniment 
to a recording, a slight error in the turn- 
table’s speed will cause a dissonance 
that might make you place an urgent 
call for a piano tuner.—@- 


For J3’s-rpm speed there must be exactly 35 equally spaced bars in each of the six partitions. 
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RF 
BLOCKING 
PROBE 


for your 
vom 


EASUREMENT of DC in circuits | 


containing RF can be a problem for 

the CBer or experimenter. For example, 
a good indication of proper operation of 
a crystal oscillator is a high negative 
grid voltage. An attempt to measure this 
voltage with even a 20,000. ohms/volt 
VOM usually kills the oscillation. The 
answer is to provide a means for passing 
DC to the meter while blocking RF. 
Our RF blocking probe does the job. 
RF choke L1 in the schematic below 
presents a high impedance to RF while 
its DC resistance is too low (about 8 
ohms) to cause DC inaccuracy. The 
probe is built into a 35mm film can, 
which may be obtained from most photo 
shops. Probe tip Pll is a banana plug 


| 

: Li 2.5MH 
C1 

| 

| 

| 


005 
MF 


—-—<--~ PLUGS TO 
| FIT METER 


which takes slip-on insulation-piercing 
tips, alligator clips or lugs. 

The shielded connecting lead connects 
to a one-lug terminal strip as shown in 
the photos. Before closing up the con- 
tainer, make certain L1 does not rest 
against the container’s metal side and 
that PL1 is well insulated from the film 
can by shoulder washers. 

If you desire to use the probe at fre- 


quencies below 3 mc, substitute a 50- 


mh choke for L1; change C1 to .02 mf. 

The probe has no side effects when 
checking oscillator tubes or transistors. 
However, there is a slight loading effect 


‘when used on RF amplifier grids or 


plates that drive grids. 
—Herb Friedman, W2ZLF ee 


By John Potter Shields 


You'll be able to set your TV height and linearity 
controls perfectly with this inexpensive gadget. 


BEEN seeing strange people in elongated cars with oval wheels 
on your TV screen? Those aren’t outer-space critters. Your 
set’s vertical height and linearity controls just need adjustment. 
Our simple, pocket-size TV Pattern Generator is perfect for the 
shape-up required. Total cost of parts is only about $6. 

One of the big advantages of using the patterner is that you 
won't have to guess about the size of people or objects during 
rapidly-changing scenes during a TV program. Best of all, you 
needn’t wait up till the early hours for a standard test pattern 
to come on. a 

In addition, the patterner produces a tone-modulated RF signal 
which is useful in troubleshooting sound circuits in TV sets or 
FM tuners. | 

Using only two transistors, the circuit is powered by a 9-volt 
battery. Construction and use are simple and you don’t have to 
make a direct connection to the antenna terminals on the TV set. 


Construction 


The author built his patterner on a piece of per- 
forated phenolic board cut to about 34%x1% inches. 
You may find construction easier with a larger 
board. Brass eyelets were used as tie points. Flea 
clips would work as well. Because of the high. fre- 
quency at which the RF portion of circuit operates, 
- point-to-point wiring as direct as possible is impor- 
tant. 
The most critical component is coil L1. It has six 
turns of No. 18 solid, tinned, copper wire. The inside 
_ diameter is ¥ inch and the length is ;{ inch. Snip 
the ends short and solder directly to C3’s lugs. C3 
is mounted in a ¥%-inch hole in the perforated board. 
The patterner can be housed in a small plastic 
box. But if you choose a metal enclosure, be sure L1 
is at least 4% inch away from the box. 


How to Use It 


After you’ve soldered the last connection, check 
_ for wiring errors and shorts, and then turn on the: 
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power. Tune. your TV set to chan- 


nel 2 or 3 and bring the patterner 


to within a foot or less of the an- 
tenna terminals. Adjust C3 until one 
or more horizontal bars appear on 
the screen. In the author’s model 
this point was near maximum ca- 
pacitance of C3 (when the screw was 
tight). Adjusting R5 changes the num- 
ber of horizontal lines. Use whatever 
~ number you want as long as they clearly 
show up differences in bar spacing from 
top to bottom. 

Now adjust the vertical height and 
linearity controls on your TV set until 
the spacing between bars on the top and 
-bottom.of the picture is the same and 
looks like our photo. Since the vertical 
height and linearity controls interact 
they must be adjusted together. 

If you build the patterner in a metal 
box, make final tuning adjustments 
after mounting the chassis board in the 
case, or you may detune the RF oscilla- 
tor. 

C3 can be adjusted so one or more 
harmonics of the RF output will fall 
within the FM band. Set your FM re- 
ceiver’s dial at the low end and adjust 
C3 until you hear a buzzing. 


Rathors : model in plastic box. Metal box will 
detune _RF oscillator if any side is too near Li. 


Pattern of equally spaced bars produced by cor- 
rectly adjusted height and linearity controls. 


How it Works 


The patterner consists of an RF oscil- 
lator and an audio-frequency pulse 
modulator. The RF oscillator portion 
consists of Q1, L1, C1-C4, R1 and R2. 
The values of L1 and Cl were chosen so 
the output frequency would fall within 
TV channels 2 and 3. C2. feeds a small 
amount of RF from Q1’s collector to its 
emiiter to maintain oscillation. Base . 
bias is supplied to Q1 by the voltage di- 
vider consisting of Rl and R2. 

Q1 is emitter-modulated by returning’ 
its emitter to ground through the pri- 
mary (used as a secondary in this 


circuit): of AF pulse-modulator trans- 
: former T1. 


. The secondary of T1 (used as a pri- 
mary in this circuit), in conjunction 


with .Q2, C5, C6, ‘C7, R4 and R5, form. 


the - pulse-modulator oscillator. R5, by 
changing the base bias applied to Q2, 
varies the oscillator frequency and 
hence the number of horizontal lines 


. that appear on the TV screen. If the os-. 
cillator frequency is 120 cps, two hori- 


zontal lines will appear. A frequency of 
180 cps will produce three lines and 240° 


_ eps will produce four lines. If you want 


more lines than can be produced by R35, . 


’ reduce the value of C5 to .05 mf. 


R3 and C5 sharpen the pulses gener-— 
ated by Q2 to add definition to the hori- 


zontal bars. Though a 2N107 was speci- 


fied for Q2, any inexpensive general- 
purpose, small-signal audio transistor 


will work. -§ 
8 | 


SEMI- 
CONDUCTOR 
SPEED 

CONTROL 
for your 


electric drill... sewing machine 
... saber saw... portable band 
saw ... food mixer ... food 
blender ... movie projector... 
sander ...fan... lathe... etc. 


By J. R. Jacques = General Electric 


Rectifier Components Department 


UPPOSE you want to reduce the 

speed of your electric drill for some 
heavy-duty hole-making. Or you need 
to slow down your saber saw to cut 
through some half-inch boiler plate 
without burning up the fine-tooth blade. 
Installing a variable power resistor in 
series with your tool isn’t the answer. 
Sure, the drill or saw would run slower, 
but considerable power would be lost 
and it would probably stall. The torque 
required by a heavy-duty task just 
wouldn’t be there. 

A recent brainchild of semiconductor 
research has provided the answer for 
you. The silicon controlled rectifier unit 
described here can be built for about 
$12 and provides an effective control 
over the speed of any series-universal 
type motor. The tool simply is plugged 
into the control box which, in turn, is 
plugged into a 117-volt outlet. Not only 
is the control continuously variable, but 
the amount of power provided by the 
speed-control automatically adjusts it- 


PARTS LIST 


Resistors: 

RiI—2,500 ohms, 5 watts 

R2—250-ohm, 4-watt wirewound potentiometer 

R3—33 ohms, Vy watt (see text) 

Di, D2—IN1693 diodes 

SI—SPST toggle switch 

Fi—Fuse block with 3 A, 3AG slow-biow fuse 

SCRI—GE CIS5B silicon controlled rectifier 

SOI—AC receptacle (Amphenol #6IFI female 

- with ground) 

Misc.—3'/4""x2!/e"x154" Minibox (see text); line cord 
with grounding type plug; standoff insulators for 
heat sink; knob; etc. 

The above parts (excluding the cabinet and heat 
sink) are available as a package from Allied 
Radio, 100 N. Western Ave., Chicago 80, IIl. 
Stock "$P53B511. Price: $I. 


PARTS LIST 
(Heavy-Duty Version) 
Same parts listed above except the following: 
Fi—Fuse block with 8 A, 3AG slow-blow fuse 
SCRI—GE C-37B silicon controlled rectifier 
RI—1!,000-ohm, 5-watt resistor 
Allied Radio stock #(53B512. Price: $15.75 


$1 switched to the full-speed position takes SCR] out of the circult but the resistors will run warm. 


o12 


Compact prototype unit would benefit from larger heat sink and cabinet. Ventilation holes are required. 


self to the work being done. In other 
words, if a drill tends to slow down be- 
cause of the load, the speed control unit 
automatically supplies more power and 
thereby maintains an essentially con- 
stant speed. | 

Besides drills and saber saws, this 
speed-control works with almost any 
motor-operated tool or appliance with a 


universal motor within its 3-amp. rating _ 


—sewing machines, band saws, food 
mixers, blenders, movie projectors, 
sanders, fans, lathes, vibrators, etc. A 
heavy-duty version (see Parts List) 
with an 8-ampere rating can be con- 
structed from the same plans. 
Construction Notes. There are a few 


precautions to be taken in the construc- 


tion of the speed-control. Layout is not 
critical, but care must be taken in the 
heat sinking of silicon control rectifier 
SCR1. As is shown, SCR1 is mounted on 
a heavy copper or aluminum disc, which 
in turn is electrically insulated from the 
box by standoffs. If you can spare the 
room, it would, be a good idea to build 
the unit in a larger cabinet than is 
shown in order to incorporate a larger 
heat sink. For intermittent use, the 
1% x 1%-inch heat sink is adequate, but 
the larger the better. 


R4 


If certain tools or appliances do not go 
as slow as desired in the minimum speed 
setting, R3 can be changed to reduce 
speeds even more. Your particular tool 
may require a 22-ohm to a 68-ohm, 
14-watt resistor. Too low a resistance 
may lead to erratic motor operation. The 
heat sink for the heavy-duty model 
should be aluminum or (preferably) 
copper, about 5 x 5 inches, and at least 
7;-inch thick. 

If you are not certain that your tool 
or appliance has a universal motor 
(most do) you can check by looking for 
the brush holders. If the motor housing 
label indicates that the tool can operate 
on AC or DC, then you can assume that 


‘it has a universal-type motor. 


The theory of operation of the speed- 
control is quite complex, despite the 
simplicity of the circuit worked out at 
General Electric. Rather than attempt a 
short and possibly misleading explana- 
tion here, we refer you to GE’s Silicon 
Controlled Rectifier Manual, which has 
a lengthy theoretical discussion of simi- 
lar circuits on page 125. The Second Edi- 
tion of the manual, available at most 
large jobbers or from General Electric, 
Rectifier Components Dept., West Gen- 
esee St., Auburn, N. Y., costs $1.50. -@ 


Au 


Wes you show your color slides 
from this summer’s vacation you’re 
naturally going to have a comment or 
two to make about each one. It’s easy 
and you’re enthusiastic at first but then 
boredom sets in with repeats and your 
tales lose some zing. Slide shows for 
friends, neighbors and _ relatives—al- 
ways a risky business—can become 
downright dangerous. They might even 
insist that you look at their slides! 
Our Automatic Slide Programmer 
now races to your rescue. The setup 
consists of an automatic slide projector 


Author’s model used in conjunction with Kodak 
Supermatic Model 500 automatic slide projector. 


and a stereo tape recorder. Your origi- 
nal, scintillating comments (perhaps 
accompanied by background music) 
play from one channel while your audi- 
ence watches each slide. The slides are 
changed automatically, and in synchro- 
nization with your narration, by 60- 
cycle tone signals recorded on the sec- 
ond track. : 

The sync pulses are not heard by your 
viewers because they do nut get into the 
audio circuit. 

All the recording—narration and tone 
pulses—can be done in one operation 
while you look at the slides yourself. 
There’s no need to record comments 
and then go back and try to put in the 
sync pulses with split-second timing. 

Though designed for complete stereo 
recorders (that is, recorders with two 
speaker outputs), the Programmer also 
can be used with recorders that have a 
speaker output for one channel and only 
a preamp output for the other. With 
this type recorder you use the speaker 
track for the syne and feed the narra- 
tion track through your hi-fi system. 

Construction. The Programmer can 
be built.in a 3x4x5-inch Minibox. Start. 
by mounting pulse-generating compo- 
nents T1, Rl, R2 and Jl on one end 
panel and mount projector-actuating © 
components T2, C1, SR1, SR2, and J2 
on the other end panel. Mount sync- 
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pulse switch S2 and relay RY1 on the 
front panel. 

Space .was limited in the author’s 
model so a miniature pot was used for 
R2. Since little current is drawn from 
transformer T1, it may be the smallest, 
least expensive type available. How- 
ever, T2 must be the exact type speci- 
fied. S2 is a DPST, spring-return toggle 


PARTS LIST 


RI—100,000-ohm, '/2-watt resistor 

R2—5 —5,000-ohm otentiometer 

C!—25 mf, 50 electrolytic capacitor 

SR! SR2—Silicon rectifier, 100 ma, 100 PIV 

Ti—Filament transformer: 117~V primary, 6.3 V 
secondary (Lafayette TR-1! or equiv.) 

T2—-Universal Surpat transformer (Lafayette TR-!2) 

RYI—SPDT relay, 2,500-ohm coi! (Potter and 
Brumfield GB-5D or equiv.) 

J1!,J2—Phono jack 

PL!—Two-prong, male chassis connector 
(Amphenol 80-PC2M or equiv.) 

ree T toggle or slide switch 


' 


© 


ss 
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switch. If you prefer, you can use a 
push-button type. 

Before the Programmer can be put 
into operation, the projector or its con- 
trol cord must be modified. If there is 
a control cord, replace its push button 
with an Amphenol type 80-MC2F1 fe- 
male cable connector to mate with PL1 
on the Programmer. If you expect to 


When 82 is closed. one set of its contacts applies 
AC to Jl to be recorded. S2’s other set of contacts 
closes the circult to PL1 which changes the slide. 


2—DPST momentary-contact switch ——_ SSE: 
—— Ee 
fies 


pe 4: $2 


The arrangement of parts is not critical and 
may be modified to suit the cabinet you .use. 


use the projector without the Program- 
mer, make up an adaptor cable with the 
push button on one end and an Am- 
phenol type 80-MC2M1 male cable con- 
nector on the other. 

If there is a push-button switch on 
jthe projector and no control cord, con- 
nect the Programmer’s control ‘cable 
across the switch’s contacts. 

Operation. Connect the Programmer 
output at Jl to the tape recorder mike 
input. Set the recorder gain control to 
its normal position and turn on the Pro- 
grammer. Close S2 and adjust R2 so 
the recorder’s level indicator shows 
normal recording level. Start the re- 
corder and hold S2 closed 15 seconds. 
Now connect the projector to PL1 and 
you're ready to put the show together. 
Start the recorder and project a slide. 
After you record your comments, close 
S52 for a half second or less to change 
the slide. If you want to start the slides 
before the narration, close S2 before 
you start talking. Each time S2 is closed 
the slide changes and a sync pulse is re- 
corded. The slides change automatically 
when the tape is played back, exactly 
as they did when you made the record- 
ing. 

When setting up for a show, connect 
the recorder’s speaker output from the 
sync track to J2. Turn the recorder on. 
The 15 seconds of sync recorded at the 
beginning of the tape is used to adjust 
the recorder output level to the Pro- 
grammer. Slowly advance the sync- 
track, playback-level control on the 
recorder until you hear RY1 click. Ad- 
vance the control another % turn. Let 
the tape run until you hear RY1 drop 
out. Stop the tape, connect the projec- 


tor and you're ready to go. 
Mono/Stereo Tape Recorders. The 
Programmer can be used with stereo- 
playback/mono-record type recorders. 
The only difference in operation is that 
the sync pulses are recorded before or 
after the narration. As an example, 
with the recorder on, read the narration 
for each slide quietly to yourself (not . 
recording it). When you finish with 
each slide close S2 to record pulse. 
Later on, you use this track to operate 
the projector while you record the same 


timed narration on the other track. 


TAPE RECORDER 


CHANNEL 1 
CHANNEL 2 


PROJECTOR 
SWITCHING 


GENERATOR 


Block diagram shows connections of Programmer 
to the stereo tape recorder and slide projector. 


How it Works. When S2 is closed, a 
pulse of 60-cycle AC from T1 is fed via 
J1 to the recorder and recorded on the 
sync track. When the tape is played 
back, the pulse output is fed to T2, 
which is connected in reverse to step up 
the voltage. The high-voltage AC from 
T2’s secondary is rectified by SR1 and 
SR2. RY1 closes and changes slides. -$ 


Side views of Programmer. 
Speaker jack is fed the 
pulse output from stereo 
tape recorder. Knob on 
level control can be re- 
moved and shaft taped 
after you have estab- 
lished its correct setting. 


You, too, can be a Private Ear | 
| ... with our Electronic Eavesdropper 


HOUGH it isn’t likely that EI’s 

readers want to take up interna- 
tional (or domestic) spying, our elec- 
tronic eavesdropper is the type of 
equipment used in the trenchcoat-and- 
dagger trade. The Big Ear, as our staff 
has dubbed it, uses'a combination of fo- 
cused sound pickup and signal amplifi- 
cation which has the effect of transport- 
ing a listener to a distant point. Any 
sound in the area—whether a conversa- 
tion or a bird singing—then comes to 
the ears of the listener as if he were 
right there. 

The Big Ear does have some serious 
and entertaining uses, in addition to the 
questionable one of permitting you to 
eavesdrop on your neighbors while 
they’re having a row in the backyard. 
Audubon groups and others interested 
in the sounds emanating from birds and 
other animals and insects will find the 
Big Ear especially useful. Its output can 
be fed into a tape recorder, preserving a 
bird’s song or a cricket’s chirp for future 
study. 

The Big Ear’s directional abilities 
permit you to locate the exact source of 
a distant sound, and its sensitivity, in 
effect, extends the hearing of a lifeguard 
or searcher, making audible a weak and 
distant voice. In the category of enter- 
tainment, the Big Ear simply is an in- 
teresting project for the experimenter 
and the possibilities it offers for family 
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fun are unlimited. Many applications 
become obvious, once you’ve built the 
device. 

The Big Ear is portable, with the en- 
tire device, including amplifier and bat- 
tery, being small enough to carry 


around in your hands. Basically, it con- 


sists of a pickup microphone (actually 
a speaker) mounted in the center of a 
reflector. The reflector concentrates the 
received sound and focuses it on the 


-mike, whose output is applied to a high- 


gain audio amplifier feeding a pair of 
headphones. Alternatively, the output 
may be fed to the input of a tape re- 
corder. The reflector and mike assembly 
may be mounted on a camera tripod, if 
desired, so the unit can be swiveled to 
pinpoint a sound source. 

Construction. The Big Ear’s ampli- 
fier is divided into a preamp and main 
amplifier. The preamp matches the 
pickup speaker’s low-impedance voice 
coil to the main amplifier, as well as 
providing a modest amount of amplifi- 
cation. The preamp is built on a 14%x2- 
inch piece of perforated phenolic board. 
A 2N107, 2N109 or any general-purpose 
small-signal audio PNP transistor may 
be substituted for the 2N187A (Q1). 

If you do make a substitution, choose 
a value of R2 which provides maximum 
signal amplification. 

The main amplifier is a preassembled 
five-transistor unit. While it is intended 


Only preamp appears in schematic, main amp is 
prefab. Color code and numbers show tiepoints. 


TO 
PK544 
' Parts in wiring guide not shown in original posi- 
tions. Follow photograph for actual placement. 
PARTS LIST | 
Resistors: '/.-watt, 20% unless otherwise indicated 
Ri—1,500 ohms R3—~2,200 ohms 
R2—{ 50,000 ohms R4—~15,000 ohms 


R5—10,000-chm potentiometer 

Capacitors: 15-volt, electrolytic 

Ci—250 mf . C2—25 mf 

QI—2NI87A transistor : 

BI—4.5-V battery (3 size AA cells) 

Ji—Phone jack 

Si—SPST toggle switch 

SPKR—45-ohm speaker, 3” 

Misc.—Preassembled amplifier (Lafayette PK-544); 
2-lug terminal strip; aluminum case 434”x 

- 3x7": four 6/32 toggle bolts approx. 4” 

long; perforated phenolic board {!/2"x2"; 
reflector (stainless steel bow!, approx. 12” 
diameter or equiv.) 


TO SPKR 


Speaker is mounted on 4 toggle bolts. Note that 
paper cone faces toward the inside of the reflector. 


to be operated from a miniature 9-volt 
battery, three penlite cells (4.5 volts) 
provide a much lower noise level and 
longer battery life. A low-noise am- 
plifier is important when you are trying 
to pick up faint sounds. 

Both the preamp and main amplifier 
are mounted on %-inch insulated 
spacers so their underside wiring will 
not short out to the metal case. 

The 45-ohm speaker is a standard unit 
available at most electronic parts dis- 
tributors, such as Olson, Lafayette, 
Allied, ete. However a 3.2- or 8-ohm 
speaker can be substituted for the 45- 
ohm unit with a small loss in sensitivity. 

The reflector used by the author is 
a stainless-steel mixing bowl. Almost 
any type of large wooden, plastic or 
metal bowl is satisfactory. The larger 
the bowl, the greater will be the sensi- 
tivity and bass response. 

The pickup speaker is mounted in the 
reflector with four 6/32 toggle bolts, 
available at hardware stores. 


The bow] functions as a parabolic re-. 


flector. In our application, distant 
sounds are focused at a spot in the bowl 
determined by its curve. For optimum 
results the speaker-microphone should 
be adjusted by moving it back and forth 
until the point of optimum focus is 
found. This can be done best by aiming 
the reflector at a continuous sound 
source (such as a playing radio) and de- 
termining at what distance from the 
bowl’s center optimum pickup is at- 
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TOGGLE BOLTS 
"(4 REQD.) 


RUBBER GROMMET 
O| CHASSIS COVER 


SPEAKER MOUNTING DETAIL 


Before speaker is finally tightened in place, ad- 
just its mounting position, as described in text. 


tained. If sufficiently long toggle bolts 
are not available to mount the speaker 
at the optimum focus point, you can use 
thin threaded rod instead. 

Note that the same bolts mount both 
Minibox and speaker to the reflector. 
The best size for the reflector depends 
on the application of the unit. As the 
diameter is increased, sensitivity and 
low-frequency response improve. The 
12-inch reflector shown here is fine for 
picking up the high-frequency tones of 
bird calls. It also performs well on the 
human voice whose important tones lie 
at-the higher freqencies. 

Good low-frequency response, useful 
for hearing low-pitch animal sounds, re- 
quires a reflector about two or three 
times larger in diameter.—¢- 


Rear-panel operating controls: power switch. Sl 
(top): phone jack, J1 (middle): and control RS5. 


Cutting Control Shafts 


A -good solution to the problem of cutting shafts 
neatly is in the use of a jeweler’s saw. Its fine- 
tooth blade makes the job a cinch, especially 
when the particular control is already installed. 


Deburring Tool 


Builders who hacksaw chassis will find this tool 
useful. Grind 12” from the tip of a can opener 
and file a 2” deep notch. Remove burrs by run- 
ning the tool over the rough edges left by the saw. 


Meter Protection 


Always remove the 
jumper from the termi- 
nals of a new meter 
before use and replace 
jumper if meter is to be 
shipped. Shorting termi- 
nals damps the move- 
ment and reduces 
chances of damage due 
to vibration en route. 
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Dressed-up project has been lettered with 
decals cut from sheets shown at bottom of 
page. Decals come in collections. of most 
common words and symbols for a particular 
area such as audio, amateur, test equipment. 


Give Jour 
ome - Brews 


Chat PROFESSIONAL LOOK 


Now your projects can have the polished appearance of commercially 


manufactured equipment. By taking our short course in customizing, 


you'll find that it’s easy, inexpensive and doesn’t take much time. 


By Russ Cogan 


Spray paints are good for finishing unpainted . 
aluminum and bakelite cabinets. First drill. 
holes for shafts, pilot light. etc., then scrub 
and rinse thoroughly. Get surface absolutely 
dry. Next, build up paint with two or three 
coats rather than one heavy coat. The thinner 
the layers, the better will be the appearance. 


Supplies are available from these sources: 


Spray paint—Art-supply dealer or paint store 

Hammertone spray paint—Allied, Newark, or 
Lafayette Radio Corp. or G-C Electronics 
Co., 400 S. Wyman, Rockford, Illinois 

Decals—Under the G-C and Walsco labels from 
radio-parts distributors. 

Planotype—The Planoscope Corp., 551 Fifth 
Avenue, New York 17, N.Y. 

Transfer type—tletraset and Cello-Tak. From 
radio-parts distributors, art-supply dealers, 
or Arthur Brown Co., 2 West 46th Street, 
New York, N.Y. 


Lettering can be added in several ways, depend- 
ing on the desired size, color and resistance to 
abrasion. Decals are available in black, white 
and gold and in several sizes (4% inch up). This 
is perfect for small cabinets. To provide protection 
from handling, give lettering a coat of Krylon 
spray or clear nail polish and let dry completely. 


Cut the desired word or letters from the decal 
sheet and soak in warm water for about 30 
seconds. Using tweezers, transfer the decal to 
the cabinet from the backing paper. You'll 
find this safer than holding the decal alone. 
Blot the excess water. Allow the decals to 
dry 24 hours or they'll rub off when handled. 


Oe 


After the transfer sheet is exactly in place 
on the cabinet, simply rub the sheet with 
your fingertips to get the letters to adhere. 
As with decals, the best way to protect the 
lettering is to give it a light coat of Krylon 
spray or clear nail polish. A light coat of 
clear lacquer, however, will work just as well. 


Transfer type (right) is handy for recalibrating 
meter scales. Many high-quality surplus meters 
with common ranges (1 ma, 100 microamperes) 
are available for less than $3 on the surplu- 
market. Remove the old scale and give it a 
few coats of white enamel paint until old 


markings can't be seen, ard then apply type. 


Planotype adhesive plastic letters are available 
in many colors and sizes. They are abrasion-re- 
sistant and recommended for front-panel use. 
Using a sharp-pointed instrument, lift the letters 
off the aluminum backing sheet and arrange 
them in word groups on the layout sheet. Com- 
plete word groups are lifted with transfer sheet. 


The completed project—commercial quality with 
the letter size proportional to the size of the 
instrument cabinet. Transfer type is available 
in many sizes and colors. It is applied by rub- 
bing the acetate base on which it is mounted 


‘(below). While easy to apply, it rubs off and 


should be restricted to protected surfaces only. 


After you've sprayed a few coats of white enamel 
on the old meter face, apply a light amount of 
pressure to the letters with a stick to transfer 
them. Presto, a new meter. Dressing up your 
projects doesn’t take as much talent as you'd 
think. When planning your next project, don't 
forget that its looks really can count a lot. too. 
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HOW T0 USE 
SILICON RECTIFIERS 


Some dos and don'ts on handling the common SR. 


By Bert Mann 


RYE SINCE it appeared a half-dozen years ago, the silicon 


rectifier has excited the interest of the electronic hobbyist. 
And little wonder, for the SR can handle relatively high current, 
has extreme efficiency, produces virtually no heat and occupies a 
fraction of the space required by a tube. 

Let’s compare the SR to an equivalent tube rectifier. The tube 
may require up to 15 watts to light its filament; the SR has no 
filament. The tube may have an internal voltage drop as high as 
50 volts; the SR’s drop is nominally 1.2 volts. The tube is large; 
the SR is the size of a pencil eraser. 

But if silicon rectifiers are so good, why not use them to ee piace 
all rectifier tubes in hi-fi rigs, transmitters, test instruments, etc.? 
When available ratings and cost permit, SR’s are being used in 
new equipment. However, when you try to use them to soup up 


- older equipment, you run into snags. 


For us, the important SR characteristics are its PIV (peak in- 
verse voltage) also called the PRV (peak reverse voltage) and 
the maximum surge current rating. PIV is the total voltage ap- 
plied to a rectifier in a non-conducting direction. For a tube, a 
PIV of 1,500 volts is not uncommon. However, the PIV ratings 
of low-cost SR’s usually are no higher than 750 volts, This is 
the SR’s first problem. 


This PIV rating sounds more com- 
plicated than it actually is. A _ half- 
wave rectifier circuit allows one-half the 
60-cps AC alternation to pass through 
and blocks the other half. A perfect rec- 
tifier would be a dead short for current 
flowing in one direction (the forward 
direction) and an open circuit for cur- 
rent flowing in the opposite direction 
(reverse). The PIV rating is concerned 
with the peak voltage across a rectifier 
in the non-conducting direction. 

Note that the term peak is used. When 
we speak of the AC line as 117 volts, we 
actually are referring to the effective 


voltage, or rms. Figure 1 shows the re- 


EFFECTIVE __ 
_ VOLTAGEy 190 
417 (RMS) 


VOLTAGE 


<«——|— o-—-+- 


i 
° 
} 


- 200 


Fig. 1. A 60-cps sine wave from AC line can be 
analyzed into RMS, peak, and P-to-P voltages. 


lationship among the rms, peak and 
peak-to-peak voltages of the sine-wave 
AC line. 


Practical PIV 
Let’s take a look at the PIV problems 


encountered when building new equip- | 


ment. Figure 2 shows a common half- 
wave power supply (ignore Rs for the 
present). For half-wave and full-wave 
circuits, the PIV across the diode(s) is 
equal to 2.8 < the applied AC voltage 
(rms). We get the 2.8 factor as follows. 
When SR1 conducts on alternate half 
cycles, filter capacitor C1 charges essen- 


Fig. 2. A common half-wave rectifier -circult. 


{ 
tially to the full peak. If Tl has a 125- 
volt secondary, Cl will charge to 175 
volts DC. In the part of the AC cycle 
when SR1 is not conducting, Cl’s charge 
of 175 is a positive reverse voltage on 
the cathode of SR1; at the same time, the 
negative part of the AC cycle is a nega- 
tive reverse voltage at the SR’s anode. 
Actually there are two separate voltages 
“nressing” in opposite directions across 


the SR. As far. as the SR is concerned, 


the total PIV across it is 2.8 « 125 or 
350 V. Even though you are working 
with only 125 volts AC, you can see how 
the SR has to withstand 350 volts. Ac- 
tually you should allow for manu- 
facturing and power line variations by 
increasing the required PIV rating by 


another 10%. Therefore, the PIV fac- 


tor actually is 3.1. With a 125-volt sec- 
ondary voltage,’ we would use an SR 


Fig. 3. Voltage doubler circuit used in hi-fi 
power amplifiers has excellent voltage regulation. 
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Rectifier tube replacement sold by TAB includes 
equalizing resistors and series surge protector. 


Fig. 4. Standard full- 
wave rectifier found in 
numerous amplifiers. 


Fig. 5. Replacement of 
rectifier tube with sili- 
con diodes results in 
a higher B+ voltage. 
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with a rating of at least 390 PIV. You’ll 
find that a PIV rating of 400 is standard 
value for operation at or around line 
voltages. 


Doubler at Work 


Another common SR circuit is the 
full-wave voltage doubler. Using a 
doubler straight off the AC line or 
through a 125-volt secondary power 
transformer will provide (under a 
moderate load current) slightly over 
260 volts DC. Some TV and hi-fi power 
supplies use transformer secondaries as 
high as 180 volts in this type of circuit. 
The schematic in Fig. 3 is from the 
EICO HF89 100-watt stereo amplifier 
power supply which develops a B+ of 
500 volts. 

Assuming CRI conducts first (on the 
first half-cycle) electron flow is from 
the bottom of the secondary winding 
up through C17 and CRI to the top 
end of the secondary winding. On the 
second half-cycle, CR2 conducts. Now 
the electron flow is from the top end 
of the secondary through CR2 and C18 


to the bottom end of the secondary 
winding. Both C17 and C18 get charged 
close to the peak voltage of the second- 
ary. Since C17 and C18 are connected in 
series under no-load conditions the total 
voltage across them (as read from the 
positive end of C17 to ground) is double 
the peak AC voltage applied. However, 
as current drain increases, the voltage 


output of a doubler tends to fall. Since 


the doubler is actually two half-wave 
circuits in series, the minimum PIV 
rating of each diode still must be 3.1 
times the applied voltage. 


The Surge Story 


Now let’s get back to Rs in Fig. 2. 
Usually not used in rectifier tube cir- 
cuits, Rs is a protective device which 
limits the surge current through the 
diode. At the instant SR1 first conducts, 
uncharged C1 is practicaly a-short cir- 
cuit. This causes a high current through 
SR1, limited only by the resistance of 
the transformer secondary and the neg- 
ligible resistance of the diode. Note that 
when working directly from the AC line 
there is nothing to limit the current 
through SR1 except its internal resist- 
ance. Even though the current surge 
lasts only a fraction of a second (until 
C1 charges) it may destroy the semicon- 
ductor. 

Low-cost SR’s have a safe surge cur- 
rent rating of only 15 to 30 amperes. 
Since the rating seldom is given, assume 
a rating of 15 a. Rs, which in this case 
represents a fixed resistor plus the DC 
resistance of the secondary, is calcu- 


Fig. 6. Circuit above is used when diodes are 
series-connected for operation at high voltage. 


The new Mallory prepackage silicon rectifier 
circuits include several configurations. The four- 
lead unit (center) incorporates a full-wave bridge. 


lated to limit the surge current to 15 a. 
(When working from the AC line, Rs 
represents only a fixed resistor.) The 
value of Rs is determined from Ohm’s 
Law: R=E/I. I equals the maximum 
surge current of 15 amperes. and E 
equals the peak applied voltage, which 
is 1.4 & 125 or 175 V. Therefore in Fig. 
2, Rs= 175/15 := 11.7 ohms. If the trans- 
former secondary’s DC resistance is 
more than 11.7 ohms, no additional re- . 
s'stor is needed. Low-current 125-volt | 
power transformers usually measure 
more than 25 ohms and semiconductor 
safety is assured. However, with high- 
current, high-voltage transformers the © 
secondary resistance may not be suffl- 
cient for surge protection and an addi- 
tional fixed resistor will have to be used. 
In our illustration, the AC source is the 
line. The 11.7-ohm resistor (rounded off 
to 12 ohms), therefore, must be used. 


since the line has no internal resistance. 


The fixed Rs must have the proper 
wattage rating, which is twice the dissi- 
pated power. The dissipated power is 
equal to the continuous current multi- 
plied by the fixed Rs (W =: I*Rs). The 
wattage rating of twice the dissipated 
power gives a good safety factor. 

Knowing how PIV and surge current 
ratings are used, we can progress to the 
replacement of rectifier tubes with semi- 
conductors. Figure 4 is the reference, a 
power supply used in an audio amplifier. 
Each rectifier plate has 350 volts AC ap- 
plied. As shown, the supply delivers 385 
volts at 90 ma current. When the tube is 


replaced with silicon diodes, the B+ 
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.ases to 425. This extra 40 volts (usually 
lost in the rectifier tube) is responsible 
for most problems arising in moderniz- 
ing older equipment. While Cl in Fig. 
4 is rated for 450-volts DC, it normally 
operates with about 400 volts on it. The 
new higher B+ reduces Cl’s safety 
margin drastically. If the manufactur- 
er’s safety margin hadn’t been as good 
as it was, the increased voltage might 
have exceeded the normal capacitor 
voltage ratings—and pow! 


Safety in Series 


Now to the second problem. The 350- 
voltage AC secondary of the transformer 
in Fig. 4 means the SR must withstand 
1,100 PIV (3.1 « 350). SR’s with 1,100 
PIV ratings are quite expensive, but by 
wiring two or more diodes in series as 
shown in Fig. 6, you can inexpensively 
obtain the required rating. ‘Three 500 
PIV SR’s in series result in a total rating 
of 1,500 PIV—a more-than-adequate 
safety margin. 

Whenever SR’s are to be wired in 
series, use individual ratings which ap- 
proach the required PIV. This way you 
can be sure the total PIV rating is more 
than adequate. Do not series-connect 
two diodes whose total PIV rating just 
equals the required value. Should the 
reverse resistance of one diode vary, 
pr not be up to spec, the diodes will 
blow and probably take several compo- 
nents with them. Even if you’re not 
using close-rated diodes it’s a good idea 
to wire equalizing resistors across each 
diode as shown in Fig. 6. The equaliz- 
ing resistors (500,000 ohms or 1 meg- 
ohm) have no adverse effect and com- 
pensate for variation in the reverse re- 
sistance of the diodes. 


Protective Capacitors 


You may come across circuits which 
have a capacitor or capacitors connected 
across the silicon rectifier instead of 
resistors. The capacitor also serves as 
a protection device by taking up the 
shock of spikey transients generated 
either in the power transformer or line. 

Let’s take a look at the occasions 
when it is advantageous to convert from 
a tube to silicon rectifiers. Such would 
be the case when equipment, because of 
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inadequate ventilation, runs hot. Sub- 
stantial heat reduction. can be accom- 
plished if silicon diodes are used to rer 
place the rectifier tube. However, as 
we've discussed, silicons have practi- 
cally no internal voltage drop and pre- 
cautions must be taken to insure that 
the B+ voltage doesn’t go sky high. A 
resistor in series with the B+ would 
drop the voltage back to the original 
value, but the resistor itself probably 
would generate almost as much heat as 
the rectifier tube. A better voltage-drop- 
ping technique would be to shift the lo- 
cation of the input filter capacitor. In 
Fig. 5 this would mean moving Cl over 
to parallel C2, thus changing the filter 
from capacitor-input to choke-input 
type. If you’re lucky, the reduction in 
B+ will be about equal to the increase 
caused by the use of SR’s. However, if 
you end up with a voltage drop greater 
than required retain the capacitor in- 
put filter but lower the value of C1. If 
C1 is 8 mf, try a 4, 2 or 1 mf electrolytic, 
paper or coil capacitor. The peak voltage 
charge across Cl under load will de- 
crease as the capacitance is reduced and, 
therefore, the output voltage will drop. 


Better Audio Response 


Another instance when it probably 
would be beneficial to replace a tube 
rectifier with SR’s is in the case of 30-W 
(or higher) hi-fi or PA amplifiers. The 
superior voltage regulation of diodes 
(due to low internal resistance) usually 
can coax from 5 to 10 watts more out of 
an amplifier and improve its bass power 
rating. In fact, silicon diodes will raise 
the rms (sine wave) power rating close 
to the same level as the “music power” 
rating. 

The physical installation of SR’s is 
quite an easy job (even when the chas- 
sis is crowded) because the units are 
small and have only two pigtail leads. 
These two leads are soldered directly 
to the terminal lugs in exactly the same 
manner as resistors and small capaci- 
tors. 

In most applications the silicon recti- 
fiers will carry an appreciable current. 
Therefore, they should be positioned 
above the chassis plane so as to receive 
a little ventilation. -} 


